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ABSTRACT 


This  report  is  intended  to  be  used  as  an  aid  to  military  mission 
planners  in  determining  allowable  proximity  to  a  nuclear  fireball  from  the 
standpoints  of  permanent  retinal  injury  and  the  temporary  effects  of  flash¬ 
blindness.  Pertinent  physical  and  physiological  phenomena  are  discussed 
in  moderate  detail;  the  nucleus  of  the  work  being  a  family  of  curves  which 
indicate  acceptable  separation  distances  for  the  prevention  of  retinal  burns 
and  flashblindness.  Detailed  instructions  for  approximating  acceptable 
separation  distances  using  a  slide  rule  are  included  as  an  appendix. 
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I.  INTRODUCTION 


It  has  been  known  for  many  years  that  damage  to  the  eyes  can  occur 
as  a  result  of  viewing  a  very  bright  light,  and  that  this  damage  could  result 
in  a  permanent  loss  of  visual  acuity.  The  early  evidence  of  retinal  damage 
produced  in  this  way  was  observed  in  individuals  who  had  viewed  a  solar 
eclipse  without  adequate  eye  protection  The  resulting  loss  in  vision 

was  called  "eclipse  blindness",  and  even  now  despite  frequent  warnings 
to  the  public,  injuries  from  viewing  eclipre?  are  still  reported 

The  development  of  nuclear  weapons  introduced  a  new  and  potentially 
more  hazardous  source  of  radiation  capable  of  producing  eye  injuries.  The 
potential  for  eye  injury  was  recognized  from  the  beginning  since  protective 
goggles  were  worn  at  the  first  atomic  bomb  test  in  1942--and  in  each  te.l 
thereafter. 

The  first  experiments  dealing  with  the  effects  of  a  nuclear  flash  on 
the  eyes  were  conducted  by  the  Air  Force  School  of  Aviation  Medicine  in 
1951  during  Operation  Buster.  It  appears,  however,  that  this  problem  was 
not  discussed  in  the  open  literature  until  1953  when  it  was  pointed  out  ^  that, 
because  of  the  focusing  of  energy  by  the  eye,  injury  could  be  sustained  at 
extremely  long  distances --much  longer  distances  than  those  at  which  injury 
could  be  produced  by  any  other  direct  effects. 

Following  Operation  Buster  came  a  series  of  field  experiments  to 
study  the  effects  of  nuclear  detonations  on  vision.  This  series  of  field  studies 


culminated  with  an  extensive  experiment  conducted  during  Operation 
Dominic  and  Fishbowl  in  1962^. 

Today,  there  are  several  sources  of  radiant  energy  that  are 
capable  of  producing  retinal  damage,  and  most  of  these  sources  possess  a 
much  greater  capacity  for  producing  damage  than  does  the  sun.  With  the 
exception  of  the  Q-switched  laser--an  ultra-high  power  mode  of  laser 
operation  that  introduces  a  new  spectrum  of  biological  damage  ^--the 
mechanism  by  which  injury  to  the  eye  is  produced  appears  to  be  the  same 
in  all  cases,  viz.  ,  the  production  of  regions  of  elevated  temperatures  in  the 
retina  and  adjacent  regions  as  a  result  of  absorption  of  the  incident  radiation 
energy.  Since  permanent  injury  appears  to  be  simply  a  consequence  of 
generating  excessive  temperatures,  no  matter  whether  the  source  is  the  sun, 
a  nuclear  detonation,  a  normally  operated  laser,  a  pulsed  xenon  tube,  an 
incandescent  plasma,  or  some  other  high  intensity  source,  the  damage 
produced  will  be  similar  in  each  case--differing  or.'v  a  result  of  variations 
in  the  conditions  of  exposure,  differences  in  the  chai  . .  .istics  of  the  sources 
and  differences  in  the  subjects  themselves. 

The  significance  of  chorioretinal  burns  depends  upon  a  number  of 
factors.  Some  of  these  factors  are  associated  with  the  physical  characteristic 
of  the  actual  lesions--such  as  size,  location,  and  severity.  These  factors 
determine  the  particular  visual  function  affected  and  the  extent  of  loss  of 
function.  In  contrast,  other  factors  involve  the  consequences  of  having 


suffered  a  loss  of  visual  function.  These  factors  deal  with  the  importance 
to  the  individual  of  the  specific  function  affected,  the  extent  of  the  functional 
loss,  the  possibility  of  partial  recovery,  and  the  potential  for  partly  over¬ 
coming  the  loss  by  visual  training  and/or  practice. 

II.  GENERAL  DISCUSSION 

This  report  was  developed  for  use  in  determining  acceptable  proximity 
to  nuclear  detonations  in  so  far  as  eye  effects  are  concerned.  Two  potential 
mission  hazards  are  dealt  with  -  retinal  burns  and  flashblindness.  Weapon 
yields  from  .  01  KT  to  25  MT  at  burst  and  flight  altitudes  ranging  from  sea 
level  to  100,000  feet  have  been  considered. 

The  distances  determined  using  the  retinal  burn  envelopes  are  the 
minimum  allowable  distances  from  fireball  to  observer  that  are  considered 
"safe",  i.  e.  ,  distances  at  which  no  permanent  damage  will  be  produced 
before  a  reflexive  blink  occurs  and  protects  the  eye. 

The  distances  determined  using  the  flashblindness  envelopes  are  also 
minimum  allowable  distances,  but  in  this  case,  they  refer  to  temporary 

o 

rather  than  permanent  visual  impairment.  These  curves  describe  the 
distance  at  which  10  seconds  of  flashblindness  will  be  experienced,  i.  e. 
distances  at  which  it  will  take  10  seconds  to  recover  at  least  20/120  acuity, 
sufficient  acuity  to  obtain  useful  information  from  flight  instruments. 
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Weapon  characteristics,  atmospheric  transmission,  and  pertinent 
aspects  of  the  physiology  of  vision  are  discussed  cursorily  in  order  to 
acquaint  the  reader  with  the  basic  concepts  involved  and  to  relate  retinal 
exposure  to  loss  of  visual  function. 

To  the  extent  possible,  the  prediction  techniques  employed  incorporate 
the  results  of  observations  taken  during  the  most  recent  nuclear  tests 

Weapon  Characteristics 

There  are  several  basic  differences  between  nuclear  and  conventional 
high-explosive  weapons.  A  nuclear  explosion  may  be  many  times  more 
powerful  than  the  largest  conventional  explosion,  a  nuclear  explosion  is 
accompanied  by  highly  penetrating  ionizing  radiations,  the  fission  products 
remaining  after  a  nuclear  explosion  are  radioactive,  and  a  large  amount  of 
the  nuclear  energy  is  converted  to  thermal  energy  (light  and  heat).  This 
thermal  energy  is  the  energy  that  is  responsible  for  chorioretinal  burns 
and  flashblindness. 

Figure  1  shows  the  distribution  of  energy  from  a  fission  weapon  in 
a  typical  air  burst.  For  detonations  in  the  atmosphere  below  100,  000 
feet  the  fraction  of  energy  converted  to  thermal  energy  lies  between  30 
and  40  percent  ^  and  is  taken  as  33  percent  in  the  calculations  described 
herein. 

At  lower  altitudes,  a  gaseous  fireball  is  formed  and  essentially  all 
of  the  thermal  energy  is  emitted  in  two  pulses  (Figure  Z)^\  The  first 
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pulse  is  relatively  short  and  contains  approximately  one  percent  of  the  total 
energy.  The  second  pulse,  which  contains  the  remainder  of  the  energy,  is 
much  longer.  Although  the  first  pulse  contains  only  one  percent  of  the 
energy,  under  certain  circumstances  it  is  capable  of  producing  permanent 
injury  to  the  retina.  For  detonations  at  higher  altitudes,  more  of  the  thermal 
energy  appears  in  the  first  pulse.  For  very  high  altitude  detonations, 
essentially  ali  of  the  energy  is  emitted  in  a  single  very  short  pulse. 

The  amount  of  thermal  energy  arriving  at  the  position  of  the  observer 
depends  upon  the  weapon  design,  its  size,  altitude  of  the  detonation,  distance 
to  and  altitude  of  the  observer,  and  characteristics  of  the  intervening 

V. 

atmosphere.  Estimation  of  this  energy  comprises  a  large  part  of  the  problem 
of  predicting  safe  separation  distances. 

Atmospheric  Transmission 

Before  reaching  the  eye,  the  radiant  energy  emitted  by  the  fireball  is 
attenuated  by  the  atmosphere  through  processes  of  scattering  and  absorption. 
Attenuation  by  the  atmosphere  is  a  subject  of  some  complexity  due  to  the 
variety  of  phenomena  and  situations  which  can  be  involved.  In  general, 
attenuation  of  radiant  energy  by  the  atmosphere  depends  upon  the  composition, 
characteristics,  and  distribution  of  the  atmosphere  in  the  path  between 
detonation  and  observer  and  the  energy  spectrum  of  the  emitted  radiation. 

The  composition,  distribution,  and  characteristics  of  the  atmosphere  vary 
from  time  to  time  and  place  to  place  and  frequently  are  difficult  or  impossible 
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to  predict  with  any  accuracy.  For  the  retinal  burn  problem,  it  is  not 


necessary  to  consider  all  of  the  phenomena  involved,  or  to  account  for  the 
full  range  of  situations  and  variations  which  can  occur.  It  is  sufficient  to 
limit  consideration  to  the  unscattered  or  image  forming  radiation  transmitted 
through  a  clear  cloudless  atmosphere,  the  situation  most  favorable  to  the 
production  of  retinal  burns,  under  the  assumption  that  transmission  through 
the  atmosphere  may  be  described  adequately  by  the  expression: 


AT 


.  eff 

■ 

i  eff 

=  exp 

r  a  m  j 

exp 

-k  w 
w 

->  - 

where: 


m  =  the  mass  of  air  in  the  path  between  detonation  and  observer 

(a  function  of  burst  and  observer  altitudes  and  horizontal  range). 


w  =  the  mass  of  precipitable  water  vapor  in  the  path  between  detonation 
and  observer  (also  a  function  of  burst  and  observer  altitudes 
and  horizontal  range). 


e  ff 

k  =  effective  narrow  beam  extinction  coefficient  of  dry  air. 

A 

eff 

k  =  effective,  narrow  beam  extinction  coefficient  of  water  vapor, 
w 


The  Standard  U.  S.  Atmosphere  (1962)  is  used  as  a  model  for  air  density 

/ 

variation  with  altitude  whereas  an  exponential  decrease  with  altitude  is 
assumed  for  water  vapor  density. 
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Interaction  of  Radiant  Energy  with  the  Eye 


The  effects  of  thermal  radiation  on  the  eyes  may  be  classified  as 
permanent  (chorioretinal  burns)  or  temporary  (flashblindness).  Concentration 
of  thermal  energy  on  the  retina  by  the  eye  lens  system  can  result  in  injury 
to  the  retina.  However,  this  will  normally  occur  only  if  the  source  of  energy 
is  in  the  field  of  vision  so  that  an  image  of  the  source  is  formed  on 
the  retina.  Because  of  the  focusing  of  energy  by  the  eye,  the  distances  at 
which  chorioretinal  burns  can  occur  may  be  much  greater  than  those  where 
thermal  radiation  produces  skin  burns.  This  comes  about  as  follows:  the 
irradiance  (energy  per  unit  area  per  unit  time)  incident  on  the  eye  is  inversely 
proportional  to  the  square  of  the  distance  from  the  fireball.  However,  the 
area  of  the  fireball  image  on  the  retina  is  also  inversely  proportional  to  the 
square  of  the  distance  from  the  fireball.  Asa  result,  the  irradiance  at  the 
retina  in  the  image  of  the  fireball  is  independent  of  the  distance  from  the 
fireball--except  for  the  effect  introduced  by  atmospheric  attenuation. 
Fortunately,  atmospheric  attenuation  increases  with  distance  so  that 
distance  can  provide  protection.  There  are  two  other  factors  which  enter  into 
the  problem  in  a  significant  way- -one  is  pupil  size  and  the  other  is  blink  time. 
In  order  to  admit  more  light,  the  pupil  of  the  eye  normally  enlarges  at  low 
levels  of  illumination.  Thus,  under  conditions  of  low  ambient  illumination 
(dusk  or  night)  the  pupil  will  be  larger  than  in  daylight  and  allow  more  of  the 
thermal  energy  from  the  fireball  to  strike  the  retina.  Average  pupil  diameters 
assumed  for  this  work  were  6.  5  mm  (night);  5  mm  (behind  2%  gold  filter),  and 
2.  5  mm  (day). 
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Considering  blink  time,  it  is  apparent  that  only  radiation  received  prior 
to  closing  the  eyes  in  a  reflexive  blink  can  contribute  to  the  production  of 
retinal  damage.  As  a  result,  the  time  for  a  blink  to  occur  can  be  important. 
For  the  predictions  made  herein,  exposure  times  are  taken  to  be  250 
milliseconds  for  small  weapons  and  450  milliseconds  for  larger  weapons. 

III.  RESULTS  OF  EXCESSIVE  EXPOSURES 


Choi  loretinal  Burns 

A  sketch  of  the  human  eye  is  shown  in  Figure  3.  For  purposes  of 
discussion,  the  eye  may  be  compared  to  a  camera.  Light  rays  received 
by  the  eye  are  refracted  by  the  cornea,  lens,  and  ocular  media  so  that 
they  are  focused  on  the  retina  producing  there  an  image  of  the  fireball. 

Mechanism  of  Production 

Heat  generated  in  the  retina  and  adjacent  structures  will  in  time 
diffuse  away  from  the  area  in  which  the  image  is  focused  and  will  also 
be  conducted  away  by  the  flow  of  blood  in  the  vascular  bed.  If  the  rate 
of  heat  diffusion  in  an  area  is  less  than  the  rate  of  heat  generation  in 
that  area,  the  temperature  will  increase.  If  the  temperature  exceeds 
the  biological  tolerances  for  the  area  involved,  injury  to  the  photo¬ 
receptors  (rods  and  cones),  to  the  optical  nerve  tissue  and  other 
structures  in  the  retina  and  choroid  may  result--with  a  subsequent 
permanent  loss  of  vision.  Current  research  efforts  are  attempting 
to  define  threshold  temperatures  but  relatively  little  reliable 
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VISUAL 


FIGURE  3.  Schematic  drawing  of  eye 


quantitative  information  exists  at  present.  Until  more  knowledge 
is  gained  in  this  area,  it  will  be  necessary  to  continue  to  base 
threshold  criteria  upon  visual  observations  of  retinal  changes  produced 
in  laboratory  animals  and,  with  appropriate  safety  factors,  extrapolate 
these  results  to  humans. 

Effects  on  Vision 

The  degree  of  visual  impairment  caused  by  a  retinal  burn  will  be 
dependent  on  the  size,  severity,  and  location  of  the  burn.  The  size 
of  the  image,  which  influences  the  size  of  a  burn,  depends  on  the  visual 
angle  subtended  by  the  object--i.  e.  ,  the  size  of  the  fireball  and  its 
distance  from  the  observer.  The  severity  of  a  burn  depends  in 
general  upon  the  amount  by  which  the  exposure  exceeds  the  threshold 
exposure.  The  function  affected  will  be  determined  by  the  location  of 
the  burn(s).  For  example,  sustaining  a  burn  in  the  fovea  would  be 
most  detrimental  to  visual  acuity  and  color  vision  since  the  fovea  is 
employed  for  high  acuity  and  color  recognition.  A  burn  in  the  periphery 
would  have  less  effecton  visual  acuity,  and,  barring  complications,  could 
result  in  a  scotoma  or  blind  spot  that  might  not  be  noticed.  From  Figure  4, 
it  can  be  estimated  that  burns  exactly  centered  in  each  fovea  and  large 
enough  to  include  the  central  2.  5  degree  visual  field,  would  reduce 
visual  acuity  to  about  57  percent  of  normal  (20/35  on  the  Snellen 
scale).  In  theory,  if  the  central  10  degree  visual  field  were  destroyed,  the 
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acuity  would  be  29  percent  (20/70).  Even  if  the  central  20  degrees  of 
vision  were  destroyed,  an  extremely  unlikely  situation,  visual  acuity 
would  be  reduced  to  approximately  20  percent,  i.  e.  about 
20/100. 

A  schematic  drawing  of  central  field  defects  and  the  burns  responsible 
for  these  defects  are  shown  in  Figure  5.  The  burns  numbered  1-6  are 
shown  in  the  region  of  the  macula  as  they  would  appear  in  size  and 
relation  to  the  optic  nerve.  Burns  having  corresponding  numbers  result 
from  a  bilateral  view  of  a  single  source.  Corresponding  scotomata 
are  plotted  on  the  field  charts.  The  centrally  located  1. 8  mm  (6  degree) 
burn  would  cause  a  permanent  visual  impairment  of  approximately 
1/2  to  3/4  of  normal  if  centered  on  the  fovea.  Visual  acuity  would 
probably  be  no  better  than  20/60  even  after  edema  has  subsided.  Burns 
located  off  the  fovea  should  not  reduce  acuity,  but  only  produce  blind 
spots. 

Extra-foveal  burns  may  produce  visual  defects  that  are  significantly 
different  than  foveal  burns.  Since  ?.  lesion  of  the  nerve  fiber  layer 
produces  a  defect  which  corresponds  to  the  area  which  is  served  by 
the  affected  fibers  and  not  the  area  of  the  lesion,  a  small  heavy  burn 
near  the  disc  could  cause  an  extensive  field  defect  as  well  as  a 
localized  scotoma  at  the  site  of  the  burn.  The  course  of  the  nerve 
fibers  of  the  retina  are  shown  schematically  in  Figure  6.  Figure  7 
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The  regional  variations  of  the  visual  acuity  (after  Wertheim) 


FIGURE  4.  Visual  acuity  as  a  function  of  angular  distance  from  the  fovea. 
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FIGURE  5.  Schematic  drawing,  of  bilateral  burns  and  resulting  visual  field  defects. 


shows  field  defects  produced  by  damage  to  nerve  fiber  bundles. 


It  should  be  emphasized  that  the  loss  of  vision  resulting  from 
retinal  burns  although  permanent  and  uncorrectable ,  will  not  take 
the  form  of  total  blindness.  Burns  can  result  in  some  impairment 
of  vision  in  the  form  of  blind  "spots",  but  complete  visual  incapacitation 
as  a  result  of  retinal  burns  is  extremely  unlikely. 

Flashblindness 

The  temporary  decrease  in  visual  sensitivity  following  exposure  to  a 
bright  light  has  been  termed  flashblindness,  and  the  time  required  to  regain 
visual  function  is  called  recovery  time.  In  considering  recovery  time,  it 
is  necessary  to  specify  the  visual  task  or  the  particular  visual  capability 
desired  since  the  time  required  to  reach  a  given  level  of  visual  performance 
depends  upon  the  performance  level  selected. 

Mechanism  of  Production 

Briefly,  high-luminance  lights  produce  afterimages  of  the  shape 
and  size  of  the  primary  images.  The  initially  perceived  brightness  of 
an  afterimage  is  i  .ated  to  the  amount  of  photo-pigment  bleached  in 
the  area  covered  by  the  image,  and  the  decrease  in  afterimage  brightness 
with  time  appears  to  be  related  to  the  regeneration  of  the  photo-pigments. 
An  afterimage  appears  as  a  bright  area  in  the  visual  field  (or  a  dark 
area- -depending  upon  the  luminance  of  the  background)  and  reduces 


THE  RADIATING  LINES  SHOW  HOW  THE  NERVE  FIBRES  FAN  OUT. 
NOTE  THAT  TEMPORAL  TO  THE  MACULA  THE  FIBRES  MEET  IN  A 

MEDIAN  RAPHE. 

Semidiagromatic  picture  of  the  Fundus  Oculi,  right  Eye. 


FIGURE  6.  Schematic  drawing  of  the  nerve  fibers 
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FIGURE  7 


Wm  LOCATION  .7mm.  BURN  AND  SCOTOMA 
m  LOCATION  .7mm.  BURN  AND  SCOTOMA 
CZ3  LOCATION  .7mm.  BURN  AND  SCOTOMA 
ON.  OPTIC  NERVE 
M.  MACULA 


.  Schematic  drawing  of  visual  field  defects  resulting  from 
injury  to  nerve-fiber  bundles 
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contrasts  in  a  scene  subsequently  imaged  within  the  area  occupied 
by  the  afterimage.  In  order  for  an  object  to  be  seen  "through"  the 
afterimage,  the  object  must  produce  a  primary  image  of  sufficient 
brightness  to  create  detectable  contrasts.  Against  the  background  of 
an  afterimage,  detail  that  could  be  detected  prior  to  a  flash  may  be 
indistinguishable  until  the  afterimage  decays  to  a  brightness  level 
permitting  perceivable  contrasts.  As  a  result,  recovery  time  depends 
generally  upon  the  integrated  incident  luminous  energy,  the  luminance 
of  the  subsequent  scene,  and  the  visual  acuity  required  for  perception 
of  the  particular  detail  desired. 

Effects  on  Vision 

(8) 

Figure  8  '  ;  shows  the  general  form  of  recovery  time  as  a  function  of 
stimulus  flash  energy--assuming  a  constant  flash  duration.  Target 
luminance  is  the  parameter  between  curves.  For  very  low  flash 
energies,  there  will  be  no  significant  effect  on  visual  function.  However, 
as  flash  energy  is  increased,  an  increase  in  recovery  time  becorres 
apparent.  For  exposure  levels  beyond  those  at  which  maximum  bleaching 
occurs,  recovery  times  may  change  very  little  with  an  increase  in  flash 
energy.  However,  as  the  flash  energy  approaches  the  threshold  for 
injury,  recovery  time  increases  rapidly  until  injury  occurs.  At  this 
point,  function  is  lost  irreversibly. 

The  relationship  between  target  luminance  and  recovery  time  can 
also  be  inferred  from  an  examination  of  Figure  8.  Increasing  display 
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luminances  are  represented  by  successively  displaced  curves  in  the 
figure.  Note  that  recovery  times  decrease  with  increasing  target 
luminance.  Clearly,  target  luminance  is  an  important  variable  and 
recovery  times  can  be  significantly  reduced  by  increasing  target 
luminance. 


IV.  PREDICTION  METHODS 


Retinal  Burn 

Detailed  calculations  illustrating  the  techniques  employed  in  determining 
acceptable  separation  distances  are  given  in  Appendix  A.  A  brief  summary  of 
the  method  is  given  below: 

The  total  energy  per  unit  area  focused  into  an  image  on  the  retina  is 
called  the  retinal  exposure,  Q^fCALC).  This  quantity  varies  inversely  as  a 
function  of  distance  to  the  fireball  due  to  atmospheric  attenuation  and  can  be 
calculated  for  the  human  eye- -provided  atmospheric  attenuation  and  the  thermal 
characteristics  of  the  weapon  are  known.  For  the  curves  contained  in  this 
document,  a  blink  reflex  of  0.  25  seconds  is  assumed  for  yields  below  1  MT 
and  0.  45  seconds  for  yields  of  1  MT  and  above. 

Experiments  i  sing  rabbits,  plus  data  obtained  from  limited  studies 

involving  humans,  serve  as  the  basis  for  determining  the  allowable  or  safe 

T 

retinal  exposure,  Q^.  This  is  the  maximum  exposure  for  which  no 
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burn  will  be  produced 


(9). 

From  a  practical  standpoint,  concern  over  retinal  burns  occurs  only 
when  there  is  an  impairment  of  vision.  However,  the  relation  between 
impairment  of  function  and  minimal  ophthalmoscopic-”  detectable  lesions  is 
not  yet  clearly  established.  To  account  for  the  inherent  uncertainties,  the 
following  safety  factors  have  been  introduced: 

a.  Calculated  retinal  exposures,  Qr(CALC),  are  arbitrarily  multiplied 
by  a  factor  of  two  in  an  effort  to  allow  for  possible  inadequacies 

;n  weapon  data  and  the  method  of  calculation.  Thus  Qr=  2Qr(CALC). 

b.  Minimal  burn  threshold  data,  determined  from  experiments  on 

rabbits,  are  converted  to  human  sub-threshold  values  by 

T 

decreasing  the  measured  threshold  values,  Q^fMEAS),  by  a 

T  T 

factor  of  four.  Thus,  Q  =Q  (MEAS1/4. 

r  r 

Eriefly,  Qr  is  calculated  as  a  function  of  the  distance  between  the 

observer  and  the  fireball  taking  into  account  weapon  characteristics,  atmospheric 

transmission,  and  properties  of  the  eye.  The  allowable  distance  of  nearest 

approach  (safe  separation  distance)  is  then  obtained  by  comparing  values  of 
T 

Qr  to  values  of  Qf,  also  calculated  as  a  function  of  the  distance  between 
observer  and  fireball.  The  safe  separation  distance,  measured  along 
the  earth's  surface,  is  the  distance  at  which  -  Q 
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Since  Q  is  dependent  on  the  total  masses  of  air  and  water  vapor  in 
the  path  between  detonation  and  observer,  safe  separation  distances  vary 
with  both  detonation  altitude  and  observer  (flight)  altitude.  Figure  9 
illustrates  the  model  used  to  take  these  geometrical  factors  into  account 
in  the  results  presented  in  Figures  13-116. 

T 

Figure  10  shows  a  plot  of  and  Q  f  vs.  horizontal  range.  The  point 

T 

of  intersection  of  these  curves  (Qr  =  Q^)  defines  the  minimum  allowable 

distance  of  approach  for  one  particular  burst  and  flight  altitude  combinati'  . 

To  generate  an  "envelope"  curve  such  as  shown  in  Figure  11,  large  numbers 
T 

of  and  Q  curves  must  be  examined.  This  was  done  using  a  computer 
program  and  the  results  are  contained  in  Figures  13-116.  For  distances  inside 
the  boundaries  defined  by  these  curves,  there  is  the  possibility  of  eye  injury 
as  a  result  of  retinal  burns.  For  distances  outside  the  boundaries,  no  injury 
if  predicted. 

Flashblindness 

Flashblindness  envelopes  are  generated  in  much  the  same  manner  as 

are  the  retinal  burn  envelopes,  l.  e.  ,  a  calcualted  exposure,  E^,  is  compared 

A 

to  an  allowable  exposure,  E  .  However,  in  this  case,  the  calculation  of  the 

r 

exposure  is  somewhat  more  complicated  than  in  the  case  for  retinal  burns. 

A  brief  description  of  the  approach  is  given  here  with  a  detailed  description 
appearing  in  Appendix  B. 
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FIGURE  11.  Typical  retinal  burn  safe  separation  envelope. 
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If  the  image  of  the  fireball  falls  directly  on  the  fovea  and  the  image  is 
approximately  the  size  of  the  macula  (or  larger),  a  significant  period  of 
flashblindness  can  result--even  though  no  burn  is  produced.  For  this  case, 
calculation  of  the  exposure  is  accomplished  exactly  as  for  retinal  burns  except 
that  the  exposure  is  expressed  in  troland-seconds.  However,  if 
the  fireball  subtends  an  angle  less  than  about  three  degrees  (one  millimeter 
image  diameter)  it  is  possible  to  "look  around"  the  afterimage  using  the  para- 
fovea  area  where  acuity  is  still  relatively  high1*  .  Thus,  a  very  small  after¬ 
image  in  the  macula  may  be  annoying  but  it  does  not  present  a  significant 
decrement  in  visual  acuity.  Accordingly,  recovery  time  is  computed  for  a 
foveal  exposure  from  the  direct  (unscattered)  radiation  only  when  the  image 
of  the  fireball  is  equal  to  or  greater  than  one  millimeter.  When  the  image  of 
the  fireball  is  less  than  one  millimeter,  it  is  assumed  that  the  limiting  stimulus 
will  be  presented  to  the  fovea  by  diffuse  radiation  that  reaches  the  retina  after 
being  scattered  from  the  air,  clouds,  ground  or  water,  and  by  the  clear  media 
of  the  eye  itself.  Calculation  of  this  component  of  the  luminous  energy  is  in 
principal  much  more  complex  than  is  the  calculation  of  the  direct  unscaltered 
radiation  that  makes  up  the  image.  Estimation  of  the  scattered  component  is 
accomplished  through  an  adaptation  of  the  method  described  by  Vos 
Exposures  calculated  in  this  way  are  compared  with  threshold  exposures  (for 

(13) 

a  specified  recovery  time)  determined  in  laboratory  experiments  using  humans  " 

A 

As  before,  the  condition  Er  =  Er  defines  the  safe  or  acceptable  separation 
distance. 
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According  to  the  procedures  discussed  above,  the  curves  presented 
in  Figures  13-116,  describe  distances  at  which  visual  acuity  will  return  to 
20/120  at  the  center  of  the  fovea,  or  at  1-1/2  degrees  from  the  center  of  the 
fovea,  within  10  seconds  under  typical  cockpit  lighting  conditions.  Figure 
12  shows  a  typical  flashblindness  envelope. 

V.  MISSION  PLANNING 

The  charts  (Figures  13-116)  included  in  this  section  can  be  used  to  assess 
the  retinal  burn  and  flashblindness  hazard  in  planning  nuclear  strike  missions. 

It  is  assumed  that,  for  planning  purposes,  the  following  are  known: 

1)  Weapon  yield 

21  Detonation  altitude 

3)  Observer  altitude 

4)  Day  or  night  detonation 

With  the  charts  and  this  information,  allowable  separation  distances  or 
"danger -zones"  can  be  established.  The  term  "dange --zc.,*/'  does  not  mean 
prohibited  zone,  but  merely  that  appropriate  safety  measures  should  be  taken 
to  insure  aircrew  eye  safety  while  in  the  zone.  Each  of  the  curves  has  the  same 
format,  with  altitude  given  in  thousands  of  feet  and  horizontal  range  given  in 
nautical  miles.  Figures  11  and  12  illustrate  the  use  of  the  retinal  burn  and 
flashblindness  charts  in  determining  allowable  separation  distances.  The  steps 
to  be  followed  in  using  a  chart  are  outlined  below: 
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FIGURE  12.  Typical  flashblindness  safe  separation  envelope 
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1)  Select  the  set  of  "day"  or  "night"  curves  for  the  weapon  yield 
under  consideration.  Each  curve  applies  to  a  particular  burst 
altitude  as  noted  in  the  legend.  Identify  the  curve  which  represents 
the  desired  burst  altitude. 


2)  Select  the  observer  altitude  on  the  ordinate  and  follow  this 

altitude  horizontally  to  its  intersection  with  the  envelope  curve. 


3) 


The  abscissa  of  the  point  of  intersection  is  then  the  allowable 
separation  distance.  This  value  can  be  used  directly  on  a  map, 
or  the  slant  range  can  be  calculated  as  follows: 


Slant  Range  (Naut.  Miles)  =  (Horiz.  Rangep  + 


=  ( 


Obs.  Alt.  -  Burst Alt 


6.  08 


f] 


1/2 


Where  Horizontal  Range  is  in  nautical  miles  and  both  Observer 
Altitude  and  Burst  Altitude  are  in  kilofeet. 


Safe  separation  envelopes  have  been  calculated  for  detonations  during 
daylight  (with  and  without  a  2%  gold  visor  for  protection)  and  for  night  detonations. 
The  protection  afforded  by  the  gold  visor  is  sufficient  to  eliminate  the  hazard  of 
retinal  burns  for  day  exposures  for  all  of  the  situations  considered,  therefore, 
no  envelopes  are  presented  for  this  combination  of  conditions. 

It  should  be  emphasized  that  the  "safe  separation"  distances  presented  here 
pertain  only  to  retinal  burns  or  flashblindness  and  are  specific  to  the  exposure 
conditions  assumed,  e.  g.  0.  25  second  or  0.  45  second  blink  time,  2.  5  mm  or 
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6.  5mm  pupil  diameter,  etc.  If  an  allowable  distance  for  flashblindness  is  less 
than  an  allowable  retinal  burn  distance,  the  conclusion  is  simply  that  retinal  burns 
present  the  limiting  approach  distance  insofar  as  these  two  phenomena  are 
concerned.  It  may  be  that  in  some  instances  the  blast,  thermal,  or  radiation 
hazard  extends  to  a  greater  distance  than  either  the  flashblindness  or  retinal 
burn  hazard.  In  this  case,  the  allowable  approacu  distance  is  not  determined 
by  retinal  burns  or  flashblindness. 
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RETINAL  BURN  AND  FLASHBLINDNESS  SAFE  SEPARATION  ENVELOPES 


FIGURES  13-116 


retinal  burn  safe  separation 


envelopes 


DAY  MISSION 


RETINAL  BURN 


f 


.  day  __  MISSION 


SYMBOL 


BURST  ALTITUDE  |Kilof*«t| 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  13 


ALIIIUU^,  IkU-OfECTl 


RETINAL  BURN 


DAY 


MISSION 


YIELD: 


.0  Q2-  KT 


FILTER:  NONE 


SYMBOL 

A 

B 

C 


BURST  ALTITUDE  (KiloW) 
75 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  14 


No  Retinal  Burn  Envelope  Exists  for  the  Following  Conditions 


DAY  MISSION 
W  =  0.  02  KT 
HB  =  luO  KFT 
FILTER:  NONE 


FIGURE  15 


nao:  0,6 _ rr 

niTct:  _  NON  £ 


A 

I 

C 


I 

5 

10 


s ■••• ..... kw aii.i  uui  mm  mm  ii 

I3SBCNSS  iiatS sssss  sssss  bss  ss  is  ss  h 

!■■■■»•««  i««n  tint  xssss  isw  Hi*  mm  mm  mm  mm 

i W^M mm  mm  —  —  — 

— -/— *»•  nan  ram  nit:  BS  SB  SI  88 

istfs  laui  moms:  sssss  insituumuiAM 

231  isni  KS1ZI  XU!.  SSSSS  ISSZl  SSB  S3  BS  SI  3S 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  16 


3 

m 

•  •  •  * 

aii 

LI-L  i 

'  •  •  r 

_OAY _  MISSION 

YIELD:  0.6  kT 

FILTER:  .NONE 


RETINAL  BURN 

SYMBOL 

A 

B 

C 


BURST  ALTITUDE  (Kilofeet) 

50 

100 


0.1  1  10  100 

HORIZONTAL  RANGE  (NAUTICAL  MILES) 

FIGURE  17 


ALTtfUDE.OCIlO^QT 


KMzawKaiiaKBumaiaaBgniii 


■■■■i  iiSii  itniiMH  ■■■■■  •■•■i  mu  ■■■■■■■•  ■■■■■  . . . 

sssss  nns :nnss:: ::::: ss  ss  Si  h  sssss  ss:::  r::i  !j::i  sss 

iiiii  ilii!  iieiiHII  1111!  iilil  II II II  i!  HUi  i!il!  !Hil  llili  lllii  ilifl  lUli  f  I  ^  ^ 


aifi&w.aHniBHnii 


»:u  m::  bs  ss  ::  s:  sssss ::::: :::::  k:::  Bin  tin  !si::::s  u  ata 

!i!I!  ii  II II II II  ilii!  my  my  i!H!  III!!  III!!  iyi!  II II  i!  II S ! !  i  iiiiii  OH!  IliE 


HHMUBMNHHII 

Biunii 


II II  ■■■■■■■■II  Hill  IIIII  ■■■■•  Hill  IIIII  ■■■■■■!  II  ■■■■■■■■■  IIIII  mil 
II  !!■■■■■  ■■Ill  llllllllll  III  II  Hill  IIIII  ■■  II II I  I  ■■■■■■III  IIIII  IIIII 


RETINAL  BURN 


_ DAY _  MISSION 


SYMBOL 


BURST  ALTITUDE  (Kilotot) 


YIELD:  20  rr 
FILTER:  NONE 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  18 


ALTITUDE,.  (KIJ.OfE^ 


= sss: ::::: :::::  su :::::  in::  :::::  ss  a:  :: :: :::::::::: ::::: ::::: :::::  :: 

sa  ass:  as: :::::  sauna  «m  wanna  aammitt  Banina 

mnmm 


^.'v^xinniiSEi 

Sk'VYl.'UaBSBEI 

sr.vvmami 


IISSUBGBBUUKl 

tnniasn::::n 

imssssssssa 


sssss 


ALTITUDE  (KU-Ofin 


•  •  •  • 


1  10 

HORIZONTAL  RANGE  (NAUTICAL  MI'-ES) 

FIGURE  21 


BURST  ALTITUDE  (Kilofeet) 

50 

100 


RETINAL  BURN 


SYMBOL 


MISSION 


YIELD:  JLP  KT 


FILTER:  NONE 


ALUJUDE.  (KllO^SJh 


RETINAL  BURN 


OAY 


MISSION 


SYMBOL 


BURST  ALTITUDE  (Kilofeet) 


YIELD:  _10 _ KT  A 

B 

FILTER:  _NO_NE.  c 


I 

5 

10 


is  css::  bus:  sssss  sas 

HiusnuiKMBSs:::? 

ssmuuimtr.Bss::::!:: 


:::::  ::n: ::::: :::::  :n:r 


isnsss:: 

All  N1«B  MS II 1 1  Ml  HIM 

:ses:::s: :::::::::::::: 


HBBIIIl 


0.1 


10 


100 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  22 


ALTITUDE  (KtLOfEgTV 


RETINAL  BURN 


ALTITUDE  (Ky.QfEgTl 


RETINAL  BURN 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  24 


RETINAL  BURN 


SYMBOL 

A 

B 

C 


BURST  ALTITUDE  (Kilofect) 

50 

100 


_  MISSION 

YIELD:  KT 

FILTER:  _  NONE 


1  10 

HORIZONTAL  RANGE  (NAUTICAL  MILES) 

FIGURE  25 


RETINAL  BURN 


MISSION 


SYMBOL 


BURST  ALTITUDE  (Kilotot) 


YiaDi  200 
FILTER:  _N0_NE_ 


::::::::::::  aia  aauw; 

:::::::: ::::: ::::: :::::  ::::::::  suss  sssss  ms  tm  sssss sssssssss 

it;;; ::::::  i 

; s a : s::s :::r sir: buu :;:r. :::» ss n ss a ssss sssss ;:ui 

SSfii  Hill  1119  RS  iRfi  HIS  Ulii  Si  i  1 1  IMS  S!i||  mm “ill!  Ufa  ii 

SSSSS  9x1x1  mUWTK?!!  2222!  :2f!:  59  21  22  M  99222  2222!  2212? !!!!!  2222  2222! !! 


iisisms 

:::::::: 


1.5 

5.0 

10.0 

20.0 


:ass:usi aictiesniit: 
s  sss:  suns  ssss : ; ;  s:  sstss  sssss:  is 
imunatistcinni  bi:::s:ss:::ii 
i ::»i  aa;  «:•  ?  f  bi  gi  55 s: 


■BI 


SSSSSSIli 


■asan 
s  sssss  suss  sssss  isss:  ssss  sin  is 
;sK8sas3;R»ssni;saianBB 


iiiiiiiiiiiiiiiiiillliiiliiiliyiiigsiiliiiigii 


H««KIBB8S»RI8«Sffii8«BHIIimnil«  iiWMWSHH 


ssss::?,;  c  ;;:i!in;::::riiiinu 

lR!S'u<!'u2jnnflBiBHntiiil 

WBIIgiiii 1 1  lliilfflffiBBHBI 


iiiiiiiiiii. ........ 

•  ••e*un.  Jnit  ihii 
minmii.an  :tm 

919  >C  1 1 1  III  I!  5**11  illll 

iiHiKimi;  etm  iidi 

■in  mu  mu  mu  mu  min 

MWMBSnmiCTgBBnBMBn—wiimn  names  gnuinnc 
Km  im  K2  Bn  un:  ias  zz  ss  n  a  sssss  am  sxh  c:r  ssks  :::« :s:v.  n  si  u  n 


:::: 


aiigjjgjiiPiiffjgiiaiillfl 


■■ 

osninatai 
sss  si  sn  si  sss 


\ 


it 

I! 


mean  111: 1 
iibesisssi: 


inBBa(R»»&:»3S3UHRBiaKS2inanR3:i:uRK:!8:;ssnnRBis22R:!:icni38iniiiRaR8iaB:nii 


iRiun»B8is»R8:!8r,sis:Rn8U8Kr..,R8!sn:s:::i:»!!i!:ss83SRnR8i«2i:nruininniiii« 


iiliili 


IR 


M 


iiiwhrrs; 

mMBH 


liiiiiiinimH 


ii 


nil  ssss 

\nZZM 


■  ■■■■■■■a  iMliiaiBii 

■  ■■  ■■■•II  1(11  Mill  ■■•••II  III  Mill  ■■■■■■ 

■■■■■•■MMHNHIUiaiMIHIIIHIIHIMIIIHHMi!  ■  ■■ 

■■■■■■•lllllllllllll■lllllllllllll■■iiilll■■■■a■  iiiiiiiiiii  mill 


. . .  m  imiiiui 


>*«■■■■•••■  ii  1  mi  uni  ■■  ■■ 
u  mm  mm  Mil 


I 

!!!! 


11 

1111 

mil 


iUiissss:::: 

11  ■«  ■■  ■■ 

jniiiiii 


::::::::::: 


1  7  a  •  10 


100 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  26 


RETINAL  BURN 


-  day  _  mission 


SYMBOL 


BURST  ALTITUDE  (Kilotot) 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  27 


RETINAL  BURN 


MISSION 


SYMBOL 


BURST  ALTITUDE  (KiloW) 


YIELD:  440  rr 

FILTER: 


:: ::::::::: :::::  nisn  xasiin::, 


■  ■  •■•■  •■••••••!«  mmmmm  miiiiui  ■■  ■■  mm  ■  •■•••■■■«  ■■■••  ■  ■■■•  •••!!  ■ 

■  •■•••  mbminii  mm  «■  ••  mammmm  ■■■■•  •  ■■■a 

■  ■■■■■•■•■•IHimjl  IIBM  lllll  ■■■■  II II  Illll 

MS  ::ss: ::::: ssssssss  ssssi ::::: ::li  :::::  mu :: :: ::  k  ss::: 

ill  !i||!  »•  jji  i»il|  if  1!  11  if  ■■■■gggggi  ||; 


sss:s:s:s::::;;:::::  Sail!  •  ■  !ii !!!!'  SS  SS  Si  Si  SSSSS  SSSSS  Sul!  lull  SSSSS  SSSSI  SIRS  SS  SS  SS  SS  SSSSS  EUR  SSIfl 

iliii  III!!  Hill  iHH  Hii!  ilfli  liili  IS  ii  II II  lit II  fill!  till!  !!!li  mil  Hlli  IIMi  ii  !i  II II  Sllli  SBS  ilU 


hsksiih  ;;  ::nuiial 
i«]zsi::u.7!!, 
HaBKIKJj  SiSSSSSSSSl 


lililillii 


iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 


;;r;  m  sa  as  ss  ss  sssas  91 

nil  ■■■■«  ••III  lllll  ■■  II N  «■*■■■■■■«  fflf II 

mil  mu  ■■  it  »i  it  ■■■atNin  VHli  i 
M  mil  mu  ■■  ■■  ■■  fit  ■■■■■■■■ii  min 


:bh;s:e:::si 

. . 

:::::: 

;  ns;  ssssi:  si  ss 


I:!:!!!!!:: 

:::::::: 


SSSSS  Si 

■PM 


r:::: ==  :: :: :: 
: r.::; :::::::: 

RSIS  ran  a»  ss:  as  ms  ss:  ss  ::  r  n 
IssnssssaMBsm  ins  ssss  ssssss 


IliililHiliiiiiiiililliiliiiiiilllll 


i&iiiii 


is:::::::;::;:;;;:;:.. 

■  •imiiimi  mu  IBM 

■  ■■■>•■■  llltlllM 

■  ■■anil  lliilitl 

p cam  iiitf  mi:  inn 
■  iiiiiiiiiiiimiiiaiil 
Ei  ■■■«  uni  uni  mu  i| 

iisnainanaaiaaaaaiiscaB 

■Brnssaisssumusutissaiin 


wismi 


imiaili 


io»ss.Brflrjifl&aSSSa| 
iKs:::!rsr;{!iraimiuoBinun 


III!  (I*  III  III  Ml 

■■■ii ill1  ni  m 


lllilillilliliSijliinj 


in  mu  ■■■■■nil 
•  Min  inn  ■■■■■ 

ni  iimi  iiiii  inn  nil 

■  ■■■■■■lllll . III!  lllll  lllll 

iiiii  ■■■■■mil  mil  iiiii  mil  mi 
■ii  inn  mu  iimi  inn  ■■  ■■  n  fa  ■■■■■  uni  mil  iiiii  mu  mil 
.  ss  ns  nsnma  an  ssm  na  ms  as  ai  n  n  mass  m  noma  ant  ma  8»  a  n  a  n 
ssssi  an  tuninc  ::xi  tmsi&sus  sssss  us:  ssss:  :sc  :sji  si  sinn 


!  ::  ! 

mm 
Hllili! 

iiiL’HWBJi 


WMIIffilH 


IHiliSliFSiiflBHIl 

i&SiffSUiifi 


i 


i 


ss 

::::  :::::  :~:::ummnr 

■nn ;  u  in  sc  mnim  nsi  si  a  it  s 
tun  :ms  as  :m;  sin; sa  n  a  a  as;;:  ani  taxi a:;;;  r.;;:  sa  ss  n  r.  a  lasts::::  i 

nsnsmiRSBsssssc: 


I  Mill  I 


::::mr.i:;;;as:s::Razxaitzi  jsixi  mimmnii  me  as 


Em . Minin . .  mi  iiiiiaiai 

■iiiiiiiiiiiiiiiiaiiimiiiiiiiaialiiiiBmaiiit  n  i  i  malaa 
■aaininiiiiii  laiiiiiiiiiiiiniaiiiiiaaaaanii  n  m  mam 


I  a  •■■  iii  i 
am  hii 


■JSSI 

■  M 


•  7  I  111 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  28 


RETINAL  BURN 


FIGURE  29 


ALTITUDE,  OCfrOfEgn.  . 


RETINAL  BURN 


-DAY _  MISSION 

YIELD:  1000  rr 
FILTER:  N0NE 


[IlC  ■  ■■HggMM  Nf  N IHH 

■  ■■■it*  aati i 

IMM 

»■■■•!  Mllll 

■  fill 


SYMBOL 

A 

B 

C 

D 


BURST  ALTITUDE  (Kiloftcf) 

3 

10 

29 

50 


•••••  ••••• 


::::::::: 

Ehssiu: 

lilHIUIi 

IHH 

IMM 


R5!RRm»ss::3:::s:sssB:::::u«:K::»n::::: :::^::==:  :::::::u::uu::snn:niii::casiiiii: 

:tM::i:«s{ii:ss5Si»3CMaiin8:aa88i8g8:giirffii:KaBiaiWMU«— aiuaiiainianH 


■  ■■■Mill 

■■aiiinl 


insianiaBnR: 

mnoaanani 


.RKUii:usa»»sss3ss;;«;ir.r.R;ss^ 


m 

ILL! 

I 

i 

trtt 

iWJ 

:rss7j 


■iaiitiiB 
BzsmriBii  nroiBBonnvnni 
BBNI8H ans&nr.nni 
iRiivavxMummunuui 

^^^HSSS88UU« 


!HH! 


nai  aio  iisa  on  na  n  ii  n  u 
nmarcmninrintMimm 
:xs8i  ins  sshi  mu  uu  ii  ii  n  ■ 
iKssiimiciiiiiiiiiim 


itinstirn 


jjjjj  J2*u  tSlai  C2  •!  IS  Si  S 
^^■BUIISI 


IIIBIIiSSJEl 

i  ns  a  o  n  ns  i  na  na  ms  i  a  n  a  n  i 
:is:n&8:HK:iin!:8i!s»:annni 
wincman:  nnnnitcs  naan: 
ss«iii.innii3BsnR] 


■namnsisitnuaniiiiiiii 
IBB  EBB  B>8  BIB  RUBS  II II II  k| 


i 


If  III 


MttM— »iN  MiMitimi  1  — —  am»B  ItMIMMIMiHlIimimMMilH 

ggggggjjgjjggjigg 


IB  IM  MMIMt  IBBBailtlllHf  III 

IlinHHiP  iHiilMtti&il 


iniiSSSSiiiiiiiiiin!  iiiiiiimnHiHi 

ii  ii  ■■  ■  ■  ■  ■  in  i  mu  hi  ii  uni  iiiii  it  ii  ■■  i 


SSSJB 
mi  iilli! 


SiiilHISSSSS 


1  4  ft  •  7  •  *  10 

1000 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  30 


ALTffUDE.  (KIlOEEtn. 


RETINAL  BURN 


-  DAY  _  MISSION 


SYMBOL 


BURST  ALTITUDE  (Kilofact) 


YIELD:  _  3800  KT 
FILTER:  _  NONE 


■na—miKuaaiaiwuBni 

^^^■a  on  ma  im  ou  u  a  u  ■  i 


3ffU  mil  [IB  IJU:  £aS5:  :i:li 
-  liiBi  ion  tin;  rtttl 

MBIMBfflliBBMl 

SuaimHOEffiBBRalil 

mmnmmmvmmwmn  --m 

MallMlMlIaiBBBBBriBSHilliaiSiailllllililiiiil! 


.  7:l?z:  :uu  iw  cu::  :::::  si  s:  si  i:  ssas:  :::::  snn  ms  on  mi:  u:i:  u  si  u  cl 
Eki  a  :::  ins  an  us::  inn  a n  u  ■  u  bus: ma  urn  a  nzn  us:  i::«  si  ss  n  i: 
■Laaawig«tKaBffia8!M:iuuaBis3B»HaBBa— waga:::i«n 

ssss  :s:s;  :n:  j  i«{i  uia  ;ssi: !»:  ss  s:  :s » 


tmm 

.  » 


■  .1 

IHB  41 

min  o 

min 

Kifil 


■nanni 
i  ins  turn  until 


■bcnbou 
i«r::i:*«sjni: 
I  SSL  min  till 


Mil  iiiiii  iiiiHiiiiiiiily 


MnniEiil 
SSlHH^HIilii! 


■MjlMII 

^^hsusbh 


Bimn  ■>■■■  II 

i  iiiii  ■■■■■  ■■ 

mm  mu 

IbosssI 

iwacgHBuaHBainnpnw nasi— bsbi— bumbb 
■ns  ma  ai  n  n  a  aaan  mu  taxi  mo  mn  an  ms  is  b  :  n  it 

:::: ::  :j  ssaz9s:::;::u;imi  imiitin  c:s:::: 


i :::::::::: :j:t ::::::::: 

im  aw  an  mu  itat  im  1 1  n  u  i:  sssu  tin:  an: :::::  :::« 

iBnmaBaiuBiitainsi  i  uaBsssaanoBisaH 


(iMnwnmn  wnwiiiiiiKiii 

iiHti»lSlBllIIISB8iS«  allSi 

I'jiliiLtfUilllilHliinnii 

BB 


I  I'll 


4  ft  ft  7  ■  ft  10 


;; 


4  ft  ft  7  •  ft  10 


Ji: 


•  r  •  •  ie 

1000 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 

FIGURE  31 


ALTITUDE  (KILOFEET) 


RETINAL  BURN 


DAY 


MISSION 


BURST  ALTITUDE  (Kilofaat) 

25 

50 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  32 


No  Retinal  Burn  Envelope  Exists  for  the  Following  Co’  litions 


DAY  MISSION 
W  =  9000  KT 
HB  =  5  KFT  and  10  KFT 
FILTER:  NONE 


FIGURE  33 


ALTI  JUDE  „  (K  I^OFJ:  EJ) 


RETINAL  BURN 


isiHtuinr  sssnuKiiuKEsmsi! 


BURST  ALTITUDE  (Kilof««» 


MISSION 


SYMBOL 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  34 


RETINAL  BURN 


--U#V _  MISSION 

YIELD:  _23000  kt 
FILTER:  .NONE 


SYMBOL 

A 

B 

C 

D 


BURST  ALTITUDE  (KilofMt) 

6. 

25 

50 


::::::::::  :::::  :k::  :::i  ::  szsa:  ::::: ::::: :ut: :::::  iks  :■  c:  tx ::  csss:  :::::  ton  :::u  :rr  i  iui:  u:;:  as  si  i:  i :  I 


sssss :::::  ::nun«  i:::: :::::  irt  sa  u  ss  n  sssss :::::  iru  ttni  n:::  ss :: :: :: 

sssss  s:s::  :rxi  up  ,  sa  vi  k  ii  sssss  s::::  :::::  mi:  i;  .s:  :un  ir.:;  ss ::::::  I 

8BSSBS»:R8;8S!uaBBV4BBaBiB»K:::m3ffir<i:iuBi:;!;::::^:; 


a:::::::::::::;:::;:::::  :::::: 

sssss  sb::i  sun  :nu :::::  :s:i  u:::  ss  si  is  ■ 
gymijjiHjjira 

BBilBBilBlBBiM 


FIGURE  35 


No  Retinal  Bum  Envelope  Exists  for  the  Following  Conditions 

DAY  MISSION 
W  =  23000  KT 
HB  =  10  KFT 
FILTER:  NONE 


FIGURE  36 


RETINAL  BURN  SAFE  SEPARATION  ENVELOPES 


NIGHT  MISSION 


7403 


RETINAL  BURN 


MGHT  MISSION 


SYMBOL 


BURST  ALTITUDE  (KiloW) 


YIELD:  002  KT 

B 

FILTER:  .NONE„  c 


I 

10 

25 


>  i 

' 

H 

1 

> ) 

; 1 

r 

"i 

[ 

0.1 


10 


100 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  37 


ALTITUDE  (KlLQfEfQ. 


RETINAL  BURN 


-ft-  LG  HI  MISSION 
YIELD:  0  02  KT 

FILTER:  NONE 


SYMBOL 


BURST  ALTITUDE  (Kilofut) 


■  IMII  M  Ml  RH 

■■■■an  •■•■•  ••■••  ■■■■■  •■•■■  ■■«••  ■■ 


» "  ■■  ••  ■■■■•  ■■■■•  m»i  inn  •••«  Min  i  ^  •  -«••■■  wmm 

»■  ■■  it  ■••■■  MM*  Mm  Mill  ■•■■■  mhi  iihi  ■  %  <■■•■■«■■ 


[■■■■■  RIBHI  Hllllllll  mil  IBMI  mil  ■■  ■!  ■!  ■•«■(  M»l  Hill  Hill  ■•■*!  VV|9I  ll»l  r  fill 

!■»■»■■■■■■  brim  mu  ■■■■■  ibii  i  mn  ■■■■■■  ■■  ■■■■■■■■■mlliHiii  ■■■»■  lil tt  im  vi  ■  ■■ 
■■■■■  ■  HIM  Hill  ■■■■!  Hill  IM«I  ■■■■■■  If 

H2na«  ilHHiimiiiHtin  m< nm  *f>  fie  si  nm 


= ==55  -sii:  iiiii  itsii  rtS":  iliH 


■  ■■■■i  1111111111  ■■■•■  l ..ihiii  I 

■  ■  IBM! il 

iiiii  IHH 


■:::  :::« irrss  sir;  :::::  ss  si  i:  i: 

iuxwn»  ms  Manat  trafswnt: 

■inninsaissB 


1  mil  mil  inn  ii  iiiii  iim  liii  il  ii  ii  y  iiifei  !f  €y  mu  mu  §im  imiiiifi 

^ si  si  s: ::  EHU  |s:H  S;::i  15::: 


••■i 


BffJtH 


\um 


ii 


II! 


iBBiim  an  b  bi  n  n  i 

:B»inssns3Bssii2i 


iRssiunaunsniRBBnBBBBi 
sssssstsBiMM  ais;::nt  grass  anas 
I UUI BB1 8B  Pill  BB1IMMBBBI 


inmasBinitRl 

i  on:  ::nin  sin::  I 


I11H  UlilMlli  !BI!  ilil!  illll  !H 

aHHHmnniBi1  hhiqu 

iimiHiililii  iliiimiilii 


■HBMHMMWiiMMniiijuimimBnman 


;  tnt:  s::;  zz ::::::  I 

anBBBsminniiBiii: 


•"■■iiyiKIRSSU 


■■■■I 


im  if  i»i  imm  him  ■■  mm 

K  mu  aim  imm  iiniilii 

mil;  iiiii  mi 


8»Si8S»R8iBUII»ttiaBRRH3IK 


\ 


bsssinii! 

■■•■■••in 

■■■■■■■in 

■■■■•IB 


mill 


I«  ■  ■  i 

■  •ml 

Mill 

mil 
ill  n  I 


•  7  •  *  10 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  38 


LOGARITHM  1C 


RETINAL  BURN 


NIGHT_  MISSION 

YIELD:  0  6 _  KT 

FILTER:  _N0NE_ 


SYMBOL 

A 

B 

C 


BURST  ALTITUDE  (Kik>f*««) 

I 

5 

10 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  39 


ALTUUDE.  (K I ^0 EE  ED. 


m 


3  4  »  4  7  •  •  10 


3  4  •  I  7  •  t  10 

10 


i  >  <  •  •  r  i  iii 

100 


HORIZONTAL  RANGE  (NAUTICAL  MiLES) 


FIGURE  40 


RETINAL  BURN 


_NJ  6  HT_  MISSION 
YIELD:  2.0  KT 

FILTER:  ^  NONE  _ 


SYMBOL 

A 

B 

C 


BURST  ALTITUDE  (Kilof«*») 
I 

3 

10 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


i  IGURE  41 


ALTITUDE.  (KIlOeECT. 


RETINAL  BURN 


NIGHT 


MISSION 


SYMBOL 


BURST  ALTITUDE  (Kiiofeet) 


YIELD:  2  0  KT 

FILTER:  NONE 


aaaaa  *«•••  »••••  »mm  Mill  p«  ■■•••• 

■  ■■■••■•at  miiimiaaaaa  i«im him ■■  aa aa  ia  ■•Maaaaaaaaaat 

:::::::::: :::::  arc ::::: ::::: ::::: :: :: :: ::  sues:s:8 ::::: 


rrrk: 


l:ss:ssa:i 
::::: ::::: :::::  ss  33  cs :: 


:::::  k::;  :£s::  :::::  s:::  s: :: ::  u  sssssssss; sssss  s::::  u:: 

ssss3ss»i!u»u!:isss:::::n::::;38S88iRHSsiissni8s:;»K8u:3:«as: 

HBIIISHii&iSiliH! 

HlllliinHBBHIBiii 

iiiniiiiiiiiiiiirijgniiiiiilli 


:: ::: :::2iti: 

■ussBisaiitt '.is:  ::niQ{iBss::iu 
88WHBBaK»»Bm8B8Hi;:iMimBniS5i:iSW 
S3ss!in&3B838iu:;::i;rfi8i8!83::ni:u333s:ns: 


J  )  4  I  4  r  •  9  10 


4  %  i  7  I  f  13 


4  »  ft  7  •  •  10 


100 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  42 


ALTITUDE  (KIJ.OfE|Tl 


ALTITUDE  (KU.OfECTl. 


RETINAL  BURN 


::n:::n:sss: 


is::::::::  ;::ti 

ssssss»i:»»:»n!s»:: 

iliHiilWlPfiffi 


SYMBOL 


BURST  ALTITUDE  (KiloW) 


MISSION 


NONE 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


-  * 

*  1 

FIGURE  44 


RETINAL  BURN 


NIGHT  MISSION 
YIELD:  _3Q  «T 
FILTER:  .  NONE 


SYMBOL 

A 

B 

C 


BURST  ALTITUDE  (Kiloftrt) 
I 

5 

10 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 

FIGURE  45 


ALTITUDE,  (KI^OFE^T) 


RETINAL  BURN 


_NIGHT_  mission 

YIELD:  60  _KT 

FILTER:  _ 


SYMBOL 

A 

B 

C 


BURST  ALTITUDE  (Kilobit) 
I 

5 

10 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  47 


ALTIJUDE  „  (KltOFJEJ) 


RETINAL  BURN 


FIGURE  48 


NIGHT  MISSION 

YIELD:  _200 _  kt 

FILTER:  .  NONE 


RETINAL  BURN 

SYMBOL 

A 

B 

C 


BURST  ALTITUDE  (Kilol**») 

1.5 
5.0 
10  0 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 

FIGURE  49 


AlTffUDE..  (KILOEEEJL 


RETINAL  BURN 


NI6HT_  MISSION 


SYMBOL 


BURST  ALTITUDE  (Kilofeet) 


YIELD:  _?PO_  KT 
FILTER:  NONE 


kcsm  in»  :»c  bui  bus  ;sc:  ss  as  u  u  i 
am  sw  ms  a:s:  ibb  rs:  ss  n  u  n  i 


EiuaanwiBsnmuBiunBiiil 

i  m  a  ms  m  i  mo  « :rai  n  s:  r  c  I 

ima»»BiiiinBauffis:::nn 


«  t  i  i  i  no 


«  4  i  •  i  •  no 


I  3  4  3  ft  7  S  9  10 


1000 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  50 


MISSION 
YIEID:  KT 

FILTER:  _  NONC_ 


RETINAL  BURN 

SYMBOL 

A 


BURST  ALTITUDE  (KIIoTmO 

1.5 

9 

10 


!■— p— — —m—i »»«■—— 

m  kuj  nm  m  not  tun  ms  is  n  u  a  cimninran 

I  !!!U  RBI  RB  RSII  RBI  HtH  f  I H  C7  f  i  ■ 


H»J 


mu  asm  Bin  i  :| 

nranuan 


2  S  4  s  *  7  a  •  10 

10 


4  &  «  7  5  t  10 

100 


1  «  I  •  I  MU 

1000 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  51 


ALTITUDE.  (Klj.OfEfcTl, 


RETINAL  BURN 


-NJ6.HT_  MISSION 


SYMBOL 


BURST  ALTITUDE  (Kilofe.t) 


YIELD:  440  kt 

FILTER:  NONE 


B :::::  n::: ::::: ::::: :::::  ss  :::::: : 
| :::::  at::  aw ::::: :m:  ss :::::: : 
sssss  is:::  sun  a::: :::::  us::  sun  ssisssss: 
SSBS3 IUII  IB» 
iiiliiiiil  iiiii 


:::::::::::::  :k::  :: ::: ::::: ::::: 
us  sssss  saaaa:  uu:  ::n:  tsa  ss  sa  u  a  s 


:::::::::::: 

. . . 


i  mi  Humana  mm  Stamm  n| 

imn  m  i  aa  us:  t 


IIMSISU.T 


aniuiimn 


:::::::  ::ni: 

it::::::::::: 

su»sss:::::| 

mnmn 


IBBBiaiaaBBSIRSSUI 


iSSBii  iiMtiHii  iiiii  Mtfi  iitG  SB  Bill  M  aBUSil  -iiilUil  ifi  UHi  HW  MU:  S8  El  II 


ssnaoaiBarcaamsaauniiBi 


iirauussiaaniitaisiiiun 
iraatommsir::ninnnn 
!«■■■■— B 


IUS  i**n  wti;  :;;n  ujj  s;  g 

mmawwmm 

llliillli 


yiiiamiiiiiiiiiiaiiHiHHiiH 


■552 1 


i  am  ms  iisa  &a  auas  um  mil  mb  isr  sun  im  t&s  u  ei  a  a  i 

i  hh  br  lists  soma  ss  hr  it  sssss  sssss  HUcaissssssntBR  sin  hue 


■■a;  manna  isuimii  man  na| 
taiici&nunsmnuBnssRRH 
rsisniiinamfluiuBusBnnuBR 


III  •■■  ■  ■  II II  l  III  11  Rl 

ii  iiiii  iiiii  iiiii ■■ 
ll■llllllllllllll■V 

iiiiiiiiiiiiK 


sicsasssis 

liniHai  i  ■■  iiiii 


■IIIIHK 

■ill 


Hi 

iiiii 


6  7  •  9  10 

1000 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  52 


RETINAL  BURN 


NIGHT 


MISSION 


BURST  ALTITUDE  (Kilofett) 


SYMBOL 


NONE 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  53 


-  MISSION 
YIELD:  3600  |(T 

FILTER:  _NONE_ 


SYMBOL 


BURST  ALTITUDE  (Kilofeet) 


ALTITUDE.  (KIJ.OeC^T) 


RETINAL  BURN 


FIGURE  55 


RETINAL  BURN 


_  NIGHT  MISSION 
YIELD:  23000  KT 
FILTER:  _N0NE  . 


zzzzz  :::::  nwsu  :::::  »s  ::w  ss  ::  i:  :i  i 
s  :s33 : ::::  ns::uss  tins  maurcssKuui 
sssssaim  smitss  sssss  k::::  ss  sa  ss  :i  i 
ia::»siufflii»!!ia»»8!88iinnHi 


SYMBOL 

A 

B 

C 

D 


BURST  ALTITUDE  (Kilofevt) 

6 

10 

25 

50 


:  on  W8  :ar.  n»  :::::  ss  ss  ::  n  w:  sib  isx::  u  j:  »c  esxisisij  taa  n  ki  u  b  I 
inmnBBnmmaBnuniiarjrjniBwaainBBivjnnnnHBl 
■aaiPMaa— iBUB/aMoaif«ii8«arjMiiii8:HPPl 

■i—iiwtw  iimwiiiw h  '■ 


J  2XUI  ||K|  (iiii  [ini  ||>n  ftXIXI  IIU1  IS 

I  ""all  llSIl  Itltl  liM:  SaXZl  rt!!!  Hit4.  is 


ii 


Si®  Willi  B 

•  >13!  •••<’  hi.  ■■  ■■  ■  II 


isaanai 


i"JHl 

iraui 

nrcrai 


lonnnnul 

i::::ssunnl 


' 

t  1  j 

‘  •  1 

“ 

,  . 

us::::  I 

::::::: 

::::::: 


1  •  ••  t 
•tit 


isnii 


in 


FIGURE  56 


r 

| 


FLASHBLINDNESS  SAFE  SEPARATION  ENVELOPES 

DAY  MISSION 


FLASHBUNDNESS 


FIGURE  57 


FIGURE  58 


FLASHBUNDNESS 


DAY__  mission 


SYMBOL 


BURST  ALTITUDE  (KiloW) 


YIELD:  _ 0.6  _  kT 

FILTER:  _  NONE 


Inna imi  nu  an  naira  m  si  a  n  n  s: 


:::::::  ss: ::::: :::::  :::s :::::  ss  :: :: :: : 
ii  sun  «» isc  eks  :::»  b®  a  i:  u  n  i 

HnssBrcrcsBKnsiffiuuKUi 


:ss  um  ss:  ire  uui  ini  :::s  u  n  s:  i: 

iMiwmciaa  nit:  ssts:  u:u  si  i:  s: :: 


•  •Is 


mnni 
I8RDI 
i  iinn' 


ianni 
inn  in 
IBH8I 


BUM  MMi  UUI  UUI  UBm  IUAi  ■■  HHiil 

it:  »Hi  iirii  Hlfl  HS  Iffii  II B  H  ii 

■She 

i tun un tn mama  an  n  h  ii b 
i  um  num  nib  hir  :::n  n  n  n  n 
nzuiKRirannmiuiiinnnB 


IRiSSSSSiR 

lilHU  i 


IHIIBIiliti 


2i  < 
V 
^  ! 

5i,  1 

, ! : 

■  :  j  » 

5“ r 
t  “  s  . 

•  S3  1 


ill::::! 

!■■■■■•  I 

mill)! 


mmmn 


ill 


iiiiiHiiyi 


|...rSi:!!i' 

■mm  mu  lim  n  u  um 

min  uni  nui :::::  :;sk  si  n  uul 
i  um  mn  much::  t::t: nun  si 


SauBui 


linns  ii 
• . "■' 


llllliliiili 


. i;:::;:!; 

■ip«i;BaB!i:ajB«BttMMunw  aiiinuuiu:i:iniimmt:unmn;| 

i— wna— aiBaa«iiBi»a— iBaiiBBKsaaBawM 

mi  Hill  liiif  my  y  Hi  ii  n  n  si  ma  gaum  mi:  hip  um 


E:l 

mpBSS 


I 


iiiss: 

lss::ss: 


ii: 

■  illl  II  IIIIIM 


siiisssssis 

■a  M  ■■■■■n 
llll■■■■■l  i 


ii!i!« 


;  ss  as «  assaa  s:i::  :;at  iiiii  ahn  ussa  t»p  58  ss  t: ::  I 


iiiiHBiigHiiiiiii 


ImnSSSSTiiiiil 

. .  in iTTTTm 

IIMlIBBaill  111111111111 


• Mil  Mill  Mill  ■■  M II  ••  ■■■■' 

iSiiSiilSflHBiiiis 


llllll 

BBIII 


Hill 

!!!{! 


mi 


•  7  •  «  10 


6  7  •  t  10 


=::::!  Si 
:::::::: 
His::;; 

■  ■■■mi 

■  ■linn 

■  . ii 


ioo 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  59 


FLASHBLINDNESS 


DAY 


MISSION 

0  6  KT 


YIELD: 

FILTER:  .NONE 


SYMBOL 

A 

B 

C 


BURST  ALTITUDE  (Kilofeet) 

50 

100 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  60 


FLASHBLINDNESS 


ALUJUDE.  (Kltoepsn. 


FLASHBLINDNESS 


_P4Y _  MISSION 


YIELD:  2 

FILTH:  _  NONE 


KT 


SYMBOL 

A 

• 

C 


BURST  ALTITUDE  (Kilofeet) 

50 

100 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  62 


ALTITUDE.  (KILOfE|Tt  . 


FLASHBLINDNESS 


_J JAY _  MISSION 

YIELD:  10  KT 

FILTER:  _NONE  _ 


SYMBOL 

A 

B 

C 


BURST  ALTITUDE  (KilofMtl 
I 

5 

10 


iiSSsSSU: 


0.1 


10 


100 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  63 


ALTUUDE.  OCIlOEEtfL 


FLASHBLINDNESS 


MISSION 


>iMSOl 


BURST  ALTITUDE  (Kilofaet) 


YIELDs  10  *T 
FILTER:  NONE 


■  ■■■••  •••••  •••■«  ■« 

,  ■■  «**■■■•■«■*■• ...»  Min  iiuiUMaiMaa 


■::: :::::  :::s ::::: ::: :: ::::: ::  si  u  u  ^sss.m:::i  ::s:  ism  itn: :::::  ss  r  11 1:  l 
: :::::  ss  ns:  u:k  aai  :s  n  n  a  am :  era  me  axe  me  unt  n  is  u  u 
i ::::: ksr  :::« i;»:  :s  cs  n  a  ■&  vr  j  inn  im:iia  issb  ma  iu::  ss  b:  h  n  I 


s  ::::: ::::: ::::: ::::::::::  :::r  ss  sc :: ::  sssss ::::: ::::: :::::  is::: :::::  s:  ::  :: :: 
isn:::ni;::u: :::::::::: i::: :::::: ::ssss:::u:K:]i::::::::::nTi::::^sni  n 
sssss sun  »  H2ss8ss:::::K:!;:::i:uss:s:t:::R:st  n 


issssssi ::::::::::::::  :u:i ::::: 

:ss:::s:  :::::::::::: 

■nsssninsMsiisnnnnBnns: : 
HBmraRRlBnmBSflBUHSIB  s 


miii 


S:H:  ill  iiiiii:: 

::::::::::::::::::::: 

is:::;!:;;;: 


!!!:»!  i 

a: 


mi 


:::s:r;ss:s 

::ss3sss:;:::uui 


iiiimifiiiii 
■■■■11111111111111, ilium 


•  y  •  t  io 


4  %  i  r  i  «to 


•  i  i  •  it 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  64 


FLASHBUNDNESS 


FLASHBUNDNESS 


DAY _  MISSION 


SYMBOL 


BURST  ALTITUDE  (Kilofot) 


YIELD:  _ 30 _ kj 

FILTER:  -NONE 


.  *«•••■«•••  iimi mu  mm  mm  •• 

<  ■■■■■■•■■■  UtMMMi  ••••  »  •••■•  HIM  ■■  mm  ■■  ••  mmm 


|  ■■■iliaiBi  a  bbbi  ia»#i 

j ::::::::::  t:::: 

:::::::::  bbu | 

IliliiliP 


III  IIMI  ■■•••IMIIK 
III  IIIH9R991 199111 

!! 


::::::::: 
::::::: 
.isiissnssssi 


Util 


:::: ::: ::::::: ::::: ::::: ::::: :::::: ::  csss::::::  mu  :t:::  su:i  as  ss  n  n  i:  I 
::::::: ss:::  sin :::::  ss  :s  n  n ntismi:  inis  tas  mi:  am  me  ss ::  s: :: 
BSt8«BI8t'Bia8SB«glMtiBHISB— MIBBSBBBIMMBBmKgSlIll 


SS  ESS  SS  u!«; !  !!!  SSSSS  mRI  !SSm  SS  R  R I 


:::  .... 


i  aaaai  ■  •  ■  • « aitM  a 
i  •••••  him  a 


:::::: 


liHIBHIBiiiiiHBijiljiliySLiaiBlililiiilHgiJIiilBiUmanBIBiyilHIWBIHRI 

. i .  i 

mimsmmmmsmmm 


issss:  isi;  ::u:  m:: :::::::: : 

■  i  isb  bs  ss  sssn  s»  m  ss  n  a  n : 
fsssS:  msssKic  m s:  b  a :: : 


IBSSSI  IRISH  SSSSS 


iisisi 


me:::::  is  ssnm 


SS  iSSSiSRS!  SSSSS  SSIRSRS  S3  BR 


:::: 


»;» 


IBM  BBia— BBBMPBB 

^■^rnnnimiisBni: 

in;: :::::  mi; ii  y 

'•'"■•in  mi!  mu  ■■■•■(•■ 


aamiMHBM 


I! 


Isbbb sssn  bis  ms  »s::  bm  ms  si  u  n  i:  ssss : m :  ss:  :::c  assn  ntu  ms  ss  ::  n  u 
■SaSMimiBiaaBI»MIHnBBaWBI1BBWS{IUIIB«88SISBIIIWBBIMPBB 

issawaiBiaaciinBgiBasiPBBggs  ins  imu 

liSSSi 


::: ::  i:u: ::::: : ::::  :m;  ;:i::  ss :: :: :: 

!8s:a:R»:s8BRaBBSRSig::Riiinsni8tnB»sBaKiia 

liii!  SSSSS  SSSSI KS  SS  SS  R  R  SSSSS  SSR9 ISKI  SRI  BUS!  IISR  SIS  SS  SS  SI  ill 


in»  sims  ms  inti  Hill  iisi  iigi  ii  i!  ii  it  ii!i  i  sn  I  Hid  iim  SIS!  !!gi  isii  is  n  li  ii  mu  mi!  SiH!  isii  mil 


■ 


I  Ml  I 


li  ■■■■•  nil 

::ssi::;s!i 


F‘‘‘\ 

Kssss 

iimi  I 
iiiiiiI 


*  7  9  9  10 


9799  10  t  9  4  99799  19 

100  1000 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  66 


FLASHBUNDNESS 


-DAY _  MISSION 

YIELD.  60  KT 
FILTER:  .  NONE 


SYMtOL 

A 

I 

C 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 

FIGURE  67 

i 


■  p 


FLASHBUNDNESS 


DAY _  MISSION 


SYMBOL 


BURST  ALTITUDE  (KilofMt) 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  68 


FIGURE  69 


ALTITUDE  PCy.OfE(Tt 


FLASHBLINDNESS 

DAY  MISSION  SYMBOL  BURST  ALTITUDE  (Kiloftct) 

mo,  aoo  W  *  90 

B  IOO 

FILTER:  NONE  c 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  70 


I 


FLASHBUNDNESS 


a  4  acraaio 

1000 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 

FIGURE  71 


ALTTTUD^  WlOKETl  m 


FLASHBLINDNESS 


1  10  100  1000 

HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  72 


FLASHBLINDNESS 


MISSION 


SYMBOL 


BURST  ALTITUDE  IKiloW) 


YIELD:  1000  KT 

FILTER:  -  NONE 


: :::::  am bb  an  as:  sis  as  a  u  a : 
IBnUBRmnHitimPIffUffBflf 


i.'Tisissss : 

Ittfcl.lMBI 

Ku! 


kscssubu::: 

kssssssssiuu: 


:msan:iusBSBSs::: 

ns::s: 
I  Bind 


mm 


■in  Hi 

■■in 


iJiiHHniil 


•Rail 


inamucntu 


EsSkI 

laa—aipi— imuub— b— nil 
tnasnin  insin^BzsBsiunussinsttnnistsi 


; ::r: is: :::::: csss:  : 

■  2<T  88:;r  uaiSRRBRQBHil 

MggBiiiMggiai! 


a 

I 

S'  * 

I; 

*! 

I : 

U  B  » 

V\  • 

►  u  r 


iiiiiioiiii: 

biBmiihbi 

ifflBilHIHSSIIHi  miiilllili^H 


w 


E  SX  SB  IS  I 


insu: 


imnizminpinarngimpni 

[nromrimitf 


alEiiiisgeli 


H«aiBa88—BBIBBnB— WIBIBB 

iiiksrss::  iaaianapnannaimtiiM 


• ::u:  esi  ua  u  i:  r  t:  ::r:  a::!  iini  sic  snti 

■  B^BB  ■  BVBBB  IBBI  BB^^BB  BW^^BB  !•* 

ISSIBRitli  IRIimBSBRBBBSSSIRSIIRaiSBnnBn 


mmm 

!  Hi  Pill 


I  til  I  lull  III 

■  an  i ilium  i 


Hiiimm 

■  IIIIM 


_ limit 

mill  iiiii  i 

I  bbii  an  a  limn  i  laiaiaiiaiii 
■Binaii  aaiiiiiir  laaaaai 


Ml 


tnsBas:::i: 

man  Bin 

annul::: 

■naan 

WWIM 


m 

in  mi 

IIIUl 


•  7  •  «  10 


t  7  •  •  10 


100 


miBiaiiiHl 


t  S  •  I  I  I  I  III 

1000 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  73 


altitude  (K^OfE^ 


FLASHBUNDNESS 


PAY _  A'.iSSION 

YIELD:  3800  irr 

FILTER:  NONE 


,  zzzzz  :::::::::: :::::  zzzz: ::::: :::::::::::: 

:::::::::: :::::  :::::  ;u:;  r.:c  ss  s:  u  :: 

i I::::::::::::::::::;:::::::::::: 

sssss  sis:s  sssi:  ss:::  su::  sr.;  ss  s:  h 


SYMBOL 

A 

• 

C 

D 


BURST  ALTITUDE  (KilofMt) 
4 
10 
25 
50 


:ts: .  :kc: ::  ::  u  u  u  u  ssss:  :sss:  :xu:  nu:  niu  uq:  :::c  »  n  n  til 
:  l  n  na a  isr  ss  i:  u  r  uni  tar.  :::::  aa  mn  smi  un  n  i: ::  d 

iB^wsss^usiaasainsinBiuBsniiiinRBaBinBniissss^iu 


■  MM  •Mil  MM  •■■•■  (MM  IIUlMM  M  ••  U 

Ru;;8i:in&«Rsniiu:u3i»K 


.■■■■■■■■■ini  it 


mini  ■«mn«a 

•■■■in  umiuvi 

Sill 


in  ii  ai  mil  ijiii 
lit  iitiiir 
i  u  uni 


■  •••linn 
■iiiiiiiiiH 
riiiiiiimiiiiiiiiiiiii 


t  I  4  ■•▼••10 

10 


«  S  •  7  ■  •  10 

100 


iiiiimm  ••••■■ 
Dll' ■■•■•■  II 

,  iiiiigaaiiiii 

nni  iifi  n 
liK  BlfeMMUH 


«  ft  (  r  •  •  io 

1000 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  74 


4  »  4  T  •  t  14 


I  4  I  I  I  I  t  10 


1000 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  75 


FLASHBUNDNESS 


PAY _  MISSION 


SYMBOL 


BURST  ALTITUDE  (KilofMt) 


YIELD.-  23000  rr 
FILTER:  NONE 


10€) 


::::: ::::: ss  c:  x: :: : 
sssss ::::: ::::: ::::: ::::: :::::  ss :: ::  :i  t 


xss:::::::::::;:::: musu::u::::isi: 
■■  « 


SSSSS  SSSSS  SSSSSSSSSS  SSSSS  SSS!  iSSu  SS  SS  SS  SS  B2SSS  SSSSS  SSS  SS!  S IS  S  SSS  S  SS2S!  SS  I !  ss  is  srrcs  sssss  sssss  sssss  sssss 


M  llAi  k  • 

!!!!!:2:K  ! 

sasi 


IlSi 


sssss::: :: 

MM  •••••  tHHHH*  •« 

MiHSinihiaS 

iMifiSSSSSSSSSSSSSSS; 

■  M  ■■■■•  Mill  HIM  ■■> 


IB8RSSBB 

■  ■•■■It 

■  ■•■III 


IUK 


■iiiiii 

::::: ::::: s=  :: :: :: : 

:  ::n:  :kv,  sk  tz::\ :n:: ss ::::::: 

:::::  ss::;  rs::;  n;." ::::: :: s 

:s:sssRSSBBBBBs:Bsixiiuii:iBssaura;s»ns:i:: 

■I 

I  ssss; ;;;;;  ns:;  ss;:: ;;;;;  sssss;;;  ssss; r.::\ 

Kiiii  ffi 33  3 3  5 5  b  i 1 35  iiiii  3 B  k  i 


iiiifliiHii  liiilllliiiiiiii 

MisBiiBBmw  nmw— 

msmwmm 

liililiMilli 

ii: 

III!  II 


1111 1 

■tmuHia 

ssssissEnnisziinaimiiiiai 


issssassRins 

mmm 


il 


iiiiii 

■•I  •••••  I  Mil  BIIB 
- 1 1 141 1  Bill 


g 

ss! 


!m:::ur;b  ; 

MBMMMIBB  • 

; 

IIINIM  i 

!.K 


■■■■■■■■ilmiSISiliSiini 

ibbuihBsbhbbbbbwi 

sssss  e»u  :::::  ss:  sea  :«s  as:  ss  s:  n  a  bsbss  ssss:  sis  sa  ss 
sssss  snxs  uni  ss:  sssss  ss:  sni  is  n  ■  n  mn sis  ten  bs  s; 
::::  ssssiuss;  ss:  ssss;  m\ ss  s:  ss  u  sssss  kss  sis  s:;:  :: 


Iiiiii 

IBiiSil 

i«B| 

iiiii 

iiiiiiiiiHH 


xts-i  axe  sauna: 
|»MBUMHNM 


::::: 
ju&l 
unisss:::::;:;:;; 
yHBUimiiB 
ElEiiliiill! 


imsnniinBR 


UK 

B\W 

i 


s  mn  box  on  m  ms  ms  as  si  n :: 

i  us ::  ins  are  ism  mb  mn  is  is  b  u 


ssissusBi 

•  ■■ma 


SSSSRSBBISBRSSSSSRSSISSSSSSSUSSimBSnsaBB 

sa:asnssss8RsiBs:assss:iM2UKainsissniB»Bi»f]tn 

iiliiiiiiliiiiiHiiiiiiiiiiiiiyiiiiyiiiniillliglliiiiiUii 


ii!s::i  iiiiii  IKS! 

Bi-ill 

iSiiiiSiiilliiiliOliliiiiiiniiiiii 


iiiii  Iiiii  Iiiii! 


■  Ill 

■III 
■  ■III 


i  •  in  ii  mn  ii  ■■■■■■iiiiii  ii  iiiii  ihii  in . . 

■■  i  1 1 ii  ii  iiiii  ■■■•■•  ii  ■■•■■■■■ii  ii  iiiiiii  ■■«■■  lim  iiiii  ■■  ■■ 

■mu  ii  iuiijimlaiiiiHBHSaiaiBji  11  lift  giiM  iiiii  Hii  Ba  M  ■ 
ai  ■■Baaaaaii  iiaiiiiinii  n  a  aai  11  (fill  ■■  i « ■•  n  aBaaB  iaaaa  iiiii  lain  Biiti  aiiii  Miii  ■■  aa  Tail 

II  ■aafllBBIII  IIIII  Hill  II  ll  IIIMlillllBBIIIIlIBBBBaillllllllllllliaillllllllHIIIBaaaaill 


•  7  •  »  10 


>  i  4  ■•ratio 

1000 


HORIZONTAL  RANGE  (NAUTICAL  MII  ES) 


FIGURE  76 


FLASHBLINDNESS  SAFE  SEPARATION  ENVELOPES 


NIGHT  MISSION 


FLASHBUNDNESS 


-NiGHU  mission 


SYMBOL 


BURST  ALTITUDC  (Kilof*«0 


YIELD:  002  rr 

FILTER:  NONE 


lL' ,  ssss:  :::::  a:::  sja ::n:  ss  u  :i  a  i 
{ sssss :  ::i:  :;g ::::: ::::: ::::: :: ::  :i :: : 

::::: ::::::::::::::::::: 

i  ill!!!:;::!!;:::::; 


::::::::: ::::: ::::: :::::  su  ::  zz  ss :: ===== :::::  ::::i  :nc  nr:: :::::  :::rs:is::::| 
:ss:  bbb  us:  sss :::::  an  rss  :s  r  i:  «  ssss: ::::: :::::  ss  oat  tat;  iss:  bs  s:  s: 


iKSKBiiiffliKssiasiiaMKaBgsssssastiKKiaBiKiaHiniMis:; 

::!'-!!!Sss: 


■  — mhirrwi  wmrfwf 
I  BiitiWlB  Wiii  EsYii  VTilTBI 

imutmnmuuimU 


SSSSSSiHli&lilElli 


g  iffi!  itlli  m  !lfe  =5  si  !•  ii =5  hUlll: «!!!  Hii!  iWliH  M II  if  II 


:: 


nanannni 


BeWBBiHlill 


ISffira 

i— tjm  st  igaaMBanB—iMiWBPRia—— ■  ail 
itr^sm  n  :  aa  :::u  tac  n  n  n  n  sssss  k:::  :sn  ns  mu  bri  sat  n  n  a  n 
s ;  *  as  ks  an  u  n  »  sssss  tint  :i:n  mi:  i:n  maisis  n  is  n  i: 


'll 


ii 

*is  -j 

,  : 

?*:  • 
Z>  %  ft 

3W  3 

5:  • 

£  • 


miiiHimin  i 


lira 


nssin 

mu 

mu 


II  •V 


him! 


i  inu  i:n: 
iimnniia&BiuiinsRffinnaiii 
:ts»»aiKs:::HS»:usuBBUi 

miBnc:i22ass8s:msii8:niiiin: 


^■iiiSS 

Hill  jl 


i!»o  iiminniiiiiiHiii 


SIS 


If 


38  JHigiiliillli 


mm 


•■■■■■Kill 

■  i  ■iiiiiiirpi  aiiin  i ■■■■■mu 

i bbb  :  «i ii nnM—muiraiBtenm og gginnul 

lag  a  :  ;:a  nnaa  inm::::  aui  tar  tin  an  ms  n  ul| 

■■r.::::s.‘;s8s:sKSSSR:sB::a::as:B8Ba8EiiB»l 

:::: aa;  s:  ss  s: sssss  :::s:  :na:::::  ssss:  sssirikbsssksl 

mi  illli  in  ii  H  y  ii  Iliil  ilH!  iim  flip  mil  ilimiililliilll 


iifi 
til: 
BRRIiiTi 

limiiiii'i 


iiilliiiiiiilllHlil  IW  tliiysiiiiyiiiiilillfiHiimyiiiiliiHHBi] 


liiiiis 


a  s  » 

. . . 

■■■••■■••I  IIMIH 
(Pimiiti  u t 
■  ■III  Hill  IIIIlH 

■■in  iiiii  iiiii  St] 

mil  !!■■■■■ 


••  ■■■■■  ■■in  ■  ■■•« 

■■■■■in  ■■■■■  ■■•ii  iiiii 
■■■■■i  ii  ■■■■■mil  iiiii 


ft  1  •  t  1ft 


i  mu  iiiii  iiiii  ■■■■llll■■■■■mu  mil  iiiii  n 


I  Till! 


I V 


iRffissssiiSi 

■iii  uni  ■■■■■in 

■■■mu 


«  •  •  t  •  •  II 


::;u 


100 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  77 


FLASHBLINDNESS 


-WOHT  MISSION 
YiaD:  002  rr 

nura.  NONE 


SYMBOL 

A 

B 

c 


BURST  ALTITUDE  (Kilof**!) 
75 
100 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  78 


FLASHBUNDNESS 


-NIGHT.  MISSION 


SYMMX 


HAST  ALTITUDE  (KHofot) 


YIELD:  OG  KT 

FILTER:  NONE 


I_  88888  BSSU  SS  SB  SOU  OR  OS  81 8S  U  S I 

linininBiBnHBnnnmii 

1—BHBamnagaBSMHaui 


:  Bs:  as:  us: rb  si  a :  a ::  =sss:  :::n  t  \  r .  as  is:::  :::t:  :::s  ss  :s ::  i:  I 


i  sas:  b»  13:  :::::  aa  m  u  n  n  n  ccss:  ::x:i ::  i 

in:::ua:ir.:u:::aB88RnnuBss:::::::::! 


!!!!!!  iliiiii 

HIIHfi' jtSHHffl 
:i:5  r;,.  “ I X“*  m: 
nu  a:::  zzzzi  iisa 

"JJ  !!"'  :Jir 

iiili 


.iB«umHinassB:nu 
'  ;xcssx:z:s:;:::r=::::::: 


iiiiilii 


mm 


i  nan: si  an hz 
i  ass  acsa  none 
insiSiSsnuBis 


IBBBBRIBUBSBZBaBi 

5  mm  bsi  an:  mu  as  sz  a  n  a  i 


iis;t  i z mi 

irjii&jsbi 


■  m  mm  mm 

mgs 


i  mu  nan  unit 

:BB:::niBasiUN 


iR>"i  BuintiRRiiuiiinnSisin:: 

•iXuRsssrsnniffiissfi  11  sirs: 


* 

v 

f*»  f 


is  * 

:  * 

!:  * 


i  ina  bus::::  Cm!:::?  sin  it ::: 

i  inaun; 

i  naming  BaraminDi 


mm\ 

Hlliilll!  illliil!!! !!!! 

IhlsSMIl  1 !  Ml  Hill  Hill  i  It!  III! 

MMHWii&ili  iiSKIIIliii  an 

—mmi  isawmiiB 


imnnaKsmsttasiBgissinnsssss :: :  si  e:»i :u:; ibu a: ::::::  I 

:  oat  sa:  a::  sna  mu  os  ac  s:  ::  ::  csss:  b  i  :  nn  hit  mn  urn  m  u  i:  u  i: 
:::::n::;in::s:iBU8S8»ei;:3Ui8BUi8!n8B»Ri:RK 

■■■nCTWMBWigaaeia  n::msnssisut:!n3sssss:s: 

wmmmmm  Kisiiii!  nitn^  ssu  iim  iiuinii  y  n 


iKSSSSS 

III  ■■■II  It 

I  III . Ill 

[uiiiiiir 


ass:  i 

HR! 


mi  ii 


•  T  •  ft  IQ 


«  ft  ft  7  •  «  1# 


i::Ssiii 

sc:::::: 

it  nn  I 


100 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  79 


I 


ALTITUDE.  (KILOEEETU 


FLASHBUNDNESS 


_NI6HT_  MISSION 
YIELD:  06  ICT 

FILTER:  _N0NE _ 


SURST  ALTITUDE  IKilof**!) 
50 
100 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  80 


FLASHBLINDNESS 


NIGHT 


MISSION 


SYMSOL 


BURST  ALTITUDE  (Kik>fM») 


FILTER:  NONE 


hsss:::::::::::::::r:::::::::;::;;:s: ::::::: 


: ::::: ::::: ::::: :si u«ss  :::::: sssae c::s: ::::: uv: ::  ;:ass::::l 


■  NHUNH 


■■■*(•«•■•  IBM*  Mil  PfMPt11  ■ 
IBM  ■•••!  mu  imii  aa  aa  i 


i:::: 


Bsaimaac 

ICUflldillSti 


:: ::  ssss: ::::: :::::  s:::: :::  <; ; : 


Kss»iK:::nuisi!isiuuKS8sa;:s:is«!;i»iuai»iBi!iK8suuiassR:i 


m  iini  Hi  m  s  n  h  ii  k=p  eiiii  itfii  iiip  iiifi  iim  Wv  1 8  ii  h  w  mis  sni  m 

tttn iziE! izzzi rnc km nnii sizxr zzzzt tsizi !!tn 22221 iihi tsizs bi n is  11  nin bis  titii 


::::::::::::::::::: 


'Bllii 


E! 


taiai 

Min 


mimm  n 


S 5881 SC»!  Kit]  »3]BX8g8i  118!  tS5«iiK5SiSS»iKI  in8  IfflUtrtllfli!  '!"!  !2  !■  Ki  U  ES3II 1518!  11!!!  lift  i  if  J  /II  >UltS 


m 


::: 

■» 

II  IIHI! 


imnnaaioBi 

iBsaannssaeii 


■  inn  n  a  i  r  a •  mb  ra  ms  n  u 

iRisimnns  ;:a  Mionnuii 


. .  uiii  ■■■■>■•■  ■■■■!■!!!! 

MHWBHBBIWHiMWHISSHHIIHtmiHIIIHII}l  BI! 


mmmi 


ggMgliaillBBBliBiaHil  Mil  i! 


«  :  T 
iu  • 


2-  * 

s-  « 

J  m 

UJ 

5  ’ 


BniianBniinrinnifflifiniCTii  nnT* f  ifiiiin  k  s  m  nnunmaiisml 

iBom»:;s»;s8:::suaasiss8n::ssss::«s:»ui::::::K2:::»iufiBKBSRSiaaniuim.ititBs:nK»mnss»::l 

i  nn  no  «ti  biki  iin  snii  ira  n  assss  sa:  na;  ;s::  saa  5»  ns  n  b  s  u  ms  K8  «  b  t » is  h  ms  B»  n  si  x;  k 


iiiii 

iimiii  i 
in  mu  i  mi 


:::::: 

■  tfiit 

umm 


i;:iii»aBaB»mimnBfflaniBBiMiwa8»»8i 


mm\ 


S 188588888 

■■■■■niiiiiiimiiaiiiiiiiiiiiiii 
■■■ifiiiiniiiiiiiiiiiiiiiii 

i  ■■■■■■  !■■■■«  nr 


■  IIHI  Mill  ■■■•■  IMII  mn 
i  mu  mi' iiiii  mn  inn 


liii  iiiiimii  Hill  III! 


::l 

. . . 

■  ■■■■•■■nil  IIIII 

. . mb 

lalHl■■■■•llllllllll^l 

■■aiiiaaBiaiiiniiiiiiil 


IH 


■■•ami 

iimm 


::::: 

I  BI  I 


ill  i T| 
UMI 


i  r  i  in 


I  mu  ■■■■••  ii  i 

I  iiiii  «■  ■■■ini 
i  inn  aa  ai  ami 


•  7  I  HI 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  81 


FLASHBLINDNESS 


J415HT 

_  MISSION 

SYMKX 

BURST  ALTITUDE  (KilofMt) 

Yiaoi  _ 

2  KT 

A 

50 

• 

100 

FILTER:  _ 

N0NE_ 

C 

0.1 


1 


10 


100 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  82 


FLASHBLINDNESS 


NIGHT  MISSION 

YIELD:  _J0 _ kt 

FILTER:  _ NONE_ 


SYMBOL 

A 

B 

C 


BURST  ALTITUDE  (KBofMt) 
I 

5 

10 


•r 


ALUJUDE.  (KllOeen 


FLASHBL/NDNESS 


.  N1QHT  MISSION 
YIELD:  10  KT 

FILTER:  NONE 


SYMBOL 

A 

I 

C 


BURST  ALTITUDE  (KilofMt) 

50 

100 


1 


10 


100 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  84 


FLASHBUNDNFSS 


am  muss  miin88BinBBB8n£  'aeax  stosssso:  um  m  «  s: : 
Bn  ~::i  am  an  tm  m a  n  n  ii  sr  mi  v  ::i  rcii  tus  am  its:  ss ::  si 
sin  nnffinunaBU»iiBiiiiirr/^;snu::isn;u3:ii:ui:R:i:::::i 

:::::  is u::: ssss:  sn  ::s:  si k :: u  rir.^ ^ss:a  hss: ci::  :::tj  ;::;i  ss  s : : ; 


MISSION 


NONE 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  85 


'li^riofno  ^arulnv 


FLASHBLINDNESS 


FIGURE  86 


FLASHBUNDNESS 


XLGHU  mission 

YIELD:  60  KT 

FILTER!  _NOWE_ 


SYMBOL 

A 

B 

C 


BURST  ALTITUDE  (KfoW) 


I 


5 

10 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 

FIGURE  87 


FLASHBUNDNESS 


_N|GHT_  MISSION 


BURST  ALTITUDE  (Kilofot) 

50 

100 


6  §  FTTTo 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  88 


-NjgHT.  MISS'ON 
YIELD.-  200  rr 
FILTER:  N0NE 


FLASHBLINDNESS 

SYMBOL 

A 

• 

C 


BURST  ALTITUDE  (KRofMt) 

1.9 

9 

10 


•  ■•••  ■•••••••••  ••••• 

s:::::s:::»ui:sxs: 


— j 

i  H 

■ 

HORIZONTAL  RANGE  (NAUTICAL  MILES) 

FIGURE  89 


FLASHBLINDNESS 


-N!GHT_  MISSION 


SYMBOL 


BURST  ALTITUDE  (KilofMt) 


yield.  200  jo- 

FILTER.  NONE 


ll^w— ■■»»■»■  »■■■■  MBM  •»»»»  iff  •  •  »«ttfWBHNM<WMWHIWfl  — WWW 

mtmmmm  •■•••  •••••>••••  ■■■•■  ■  ■■■•  inn  mm  mm  mm  am  ■«■■■  ■  ■■■•■••■•■••••  •  •  •  •  ■  imh  mu  ■■■««•  M 


:::  :::::::::::: ::::::::: 

:::r,  iib  sr ! b:  e:  ::  i: 

I::::::::;:::!::;::::::::::;::::::::::::::::::::::  :: 


fat . ■  ■■•HUM .  II  HIM  IMMIIIIi  titii  1 . .  ■■■*■■«■« 

■  ■■■■■■  mu  mu  ••  ■  #m*i  ■■  ••  •  •  M  ■■■■■■■■>•  i  mii  ■■■■■  mu  inti  ■■■■■•■! 

■■■■■■  MVailllll  •  •  •  •  •  MB . I  ■■■••«  ■•■■■■■■■■II  •IMIIIIII  Bill 

■  saaaa  mil  mu  ••in  mu  ■■  ■■  ia  n  ■■■■■  asaai  iiftii  ibiii  aaai 

sssss:::::::»:n;:i::s:::s:::;:::;ssssi:::ssssss:::::::ss;;;:;:K:3»u;!;::iBCR83iii8»2?2SSs:s:«:R»ss::::M2u:8Ss::::H 

iiil§  iiili  liii! iiii!  iiiii  i!!!l  iilii  11 II  i!  y  iiili  illli  llii!  Illii  liiU  iH!!  Hill  ii  II !!  i  liHS  JiH  lllii  li  i!8i  ?  iill  Si  IS  ii  il 


••*•  i 
•■■•  i 


ssss::n: 


bii— mwnw 

■i  ==  5: :: ::  axssi  ::::: ::::: 

•*  •  •  MurK^caia.ata  ••••• 


•  IMM  HU*  ••••• 

I  ■•■■!  Hill  ■■■■•  ■■■ 
I  ■••■IIIIII  ■■■■•■ 

i  iiiii  iiiiii 
i  iiiii  iiiii  a 


_ •  •«•«  i 

■IHI  jiMIHUr  ■ 

■  •■•I  ■•■•••««•■  - 

*•••«  iihiihw 
- ini 


1:  sssss  s:ssi ;s:i; ::::: ::::: 

•  ■■■■ . IIIII  IIIII  IIIII 

■  ■■■■11111111111111111111111111 


llllllllllll 

.  ==sss eisi: it:u mr.  a::: :::::::: :::::::::: ::::: :x:t: :::::  ::::: si u  iz u i  0*3 1 :ssi:  j:nj v  it  assn  na:  kje s:uuu 

I  sss:suiniuaBaEss«::K:s:nssB:n::sssss:s8musR»s:s::::a:sR:Bsaunrjasnu:»:iiai.»nBiiin::;;Bnniiu 

ssssuBlOB  as  wnnaiuunauiaiiniBa  n::;z::r:  »aBB  ssRiBinsuiauann 

aass;  :»gi  is:«  n:::  s:s:  s:  s: :: ::  sssssssss: ;s»;  ;n::  ss  sa  33 1:  gssss  ssss: t:::t  tmi  iia  ii  n ::  i; 

=  :  =====::::;  ii::: 


iiili  IlSil  Hii  iUlliiii!  IPil  Iiiii  II  ii  !i  II  iiii!  illl!  Illli  illii  iiili  iiili  Iiili  Ii  if  ii 

mil IHii H!i! I iiiii  liiU H!l!  II ill!  H IIII! Illii Hl!l Hi!! iiili  iiili  S 3 Ii  Ii 


I  IB!  IS 


HiHiiilHIiiU 


mm 


mi 

I::::;;:;;:;;;;:;;;;::;;;:;;;;;:;; 

■  ■■mil  iiiii  iiiii  ■■■■iiiiii  mi  ■■•■•■  ■«■■■■■ 

■  ■■tun  in iiiiiii  iiiiittiii  ■■•■■■  ii: 

WSaiaiiiiiiiiiiiiiiiiiiiiiiiiui'amiiiiBaaaiiiliiiiMiiiiiiiBHiiW 

am ::::: :::::  :n::  :::a  :ar.  ta  »» 11 1:  c»a«i  inn  inomc  use  mn  aci  *s  ii  k  BSsmusBrnjcsrssisimuincsces:::: 

==::i :::::  ::u:  ssss:  si  ns  BnniKKiiiHiisrcnitiinBBnsiBini: 

snimflBBBiBUBasuniii!oini:u3CBSB&  Rams  BanBiBmamrnBK  mn  iranBinn:: 

■ssa  bus:  sru  rss  mis  ::ik  »:s  u  ss  :s  n  ssssi  i8:s;  :ns  :s:s  sssss  ibs  k  sa  i »  bs«i  ss:s:  i  ir  ssji  scri  ss^.1  «:b  bs  ss  ss  b: 


immmmmmmnm  1  stimuli  liiiiiiiiisiiisiiiiiiii  ii 

■■■■■gilliP  ii  iliiiiiilliiilMi 

jSSSS  !  •  qSESE iiiiii SS{IS  IS!!!  iiii! SS  •••••! 


sssssq 

■■■■liiif; 

■■■■■■till 


IIIII  IIIII  Mill  ■>  I 

■■IIIIII  IIIII  ■■  I 


SSuiiiinlMiiii 

IIIII  Itt  1 1  ■■■■!  II 

iiiiiiMiiniiiii  J 

tiiiiniii  lain  iiiii  urn  ■ 


HI 

l  till  _ 
mail 


iiiiiii!  ii 


.  _ 

iiilHSiiiiniiiiii::::: :  ss 

■■•I 
■■■■H 

■  ■■■in  iiiii  iiiii  mi  i  iiiii  ill 
II  Mill  illli  Hill  ■■■(■  IIIIII 
■  l■ll■■■■ll■■lllllllllllll■lllllllll 


.  III!  ■*  ■■  ■■•■■■■ 

_ lll■l!l■■llllllll•ll|l■■  ■■  ■■■■■■■: 

II II  ■  ■■■■■■■•!  1111111111  ■■■!■  IIIII |IHI ••  II il ■■■ 

- IIII  ■■  II II II  «■■ 


•iHi.lpif 

i  la 


rxn 


. . :: 

■■■  i  ■■  iii  ii! SS  ill!!  SSiSi  iiili  ml!  ■■  II  mi 

ss:ssi;Ks!!i:»iss»l!in::jiiiss!::!:; 

ininM«aaaM»i  uiiiniii  ■■■■■  •mi  iiiii  ■■  ■■■■■i 


iin 


«  I  I  I  I  I  <1 

1000 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  90 


FLASHBLINDNESS 


NIGHT 


MISSION 


SYMBOL 


BURST  ALTITUDE  (KiloW) 


YIELD:  440  KT 
FILTER:  -NONE 


ioq 


sssss  ltd  ::ui  tin: :::::  uai  in  n  n  a  n  i 
iua  m  BB  Bin  «8  BBS  B  B  a  D I 


ssmiiffiiiBiiiansisaBBsiiaiiiE 


:Bc:nniaQni3siiiai:iauir.i:  =3=::i::::ir:i  iiu:  xni!:w::ir.jiii::ii: 

:  :::::  ::a  mb  ssni  an  tuc  n  f  i  v. ;  i  nn: :::::  ::ri  m  aim  raimiii  n  i:  :i :: 

:  ns:s  ma  nr.:  ss:a  an  er  s  s bssss  issss  :;:z:  rk;  ntss  h:s:  ::iv  bs  :: :: :: 


b.  i. ......  ...II  tilt*  iU».  mi  iii.i  BS  55  52  I. 

iBmiwnnniBPJ!ftMinM«iB^^H 


■  iUUUiHli*  'iUUIMI  II  ill  r  jB  •  iii  55AM  IMll  VBU1  51  Bl  H  Ki 

mmBEmimmmmmm 


raws 

BatsaamsriB  m  anit  a 

imagi!i«ipnKCTS«inamssain7irflrBgBnnB 

B'lDUBBtl 

mmnnnuwnaummmaawmmiii 

nsgSBrnajiiJiiBBi 


mwmi 


■in 


lllilliifiliilii!! 


Kill 

! 


SI  i 
II 


liniiiii 

iiitiini 

mill 


::;a 

Mil 

HIM 


i:rbi 


*#  uiiiiii 

piiiiiiiH 

U  mu  mu  niaifl 

nBfiawBBiB»t:;mm:iiiaHnipaiBinnBn| 
BM  B 

KSIS8BRIS»R:BS»:{»inURHUBKS:U»9Ba]BflllXlllin]RanBBB| 

sasaatiiBfflisiiL'KUBiainnuBKgaKSK  MBniianMaaiiHl 


iliiiiiii  il 


Hilliiiliiii 

■■■■■iiiiiiiniii 


iff!!  IS!  ilili  IS  il  il  IS  Slliiiiili  Hlil 


m 


ii'm 

liilfii 


III 
II  III 


mm 

aiH 

m 


■  ■■.■■HIM 

■  ■■■■•Hill 

■■■■■■■  mil 

_ jafliBBiiiui 

■■■■■11111  iini 


fflMIIHBl 

1113911 


6  7  •  9  10 


*  1000 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  91 


FLASHBLINDNESS 


JiififlT.  MISSION 


SYMIOL 


BURST  ALTITUDE  (KllofMl) 


YIELD.  440  rr 
FILTER.  _NONE_ 


SSSSS:::::::::;:::::::::  I:::;;;;::::::::::::::::::::::;;;:;::::::::;:::;;::::::::;;::::::::::::;;;; 

■  ■■■■•■laMllllllill  •■■■•  Hill  W  ■■  ■•  |S  ■■■■!  ■■■•■  Ml tt  IIIII  ■■■!■  ■•■••11111  ■  ■■■Ml  ■  ■■■■■■■■■  MM  I  IIMI  ■■■■ 

■■■■■■■■■■  UMililM  •■■■•ifltii  inti  ■■■■■■§•— —■■iaiatiMiiiitin  ■■■atitin  mu  ■■■■■■  aii  ifiBSSHiii  Sim  Mill  ■  ■■■ 

==sss:::::::::::::::::::::::::::;::ss:s::::ssssss::»;:;:;!::::::::::s:::::::isssis:ai  :Bsss:ss::i::nuui:sK:iM{ 

IlIliSiliiyBiiiliillBiiBlHHriiillsiSiliillliinHHHBillii 


immb 


■■•••Aii 


..V ' ,  "V  ; - ' :  **■  =  ’’v "  [m! I!  J! I ! iuTm(iM?TTiTfTTinfi^ 

:  ;  ^  !!!!!!!!!!!;? 

■■■■■  inn  mil  nlii  niii  11111  imiifii 

isaMinBHBBonia»aa—nBi;gKSsaaasaBa:aaiiafiia«niaBli 
ssssainticaiussBiBliRSuni  sa  :::::::::: 


■ni— 

■•1 


ilBiifl 

ill!  i!  II 


;::ui 


iiiillillSiii' ji! 

uni:  1  iiuni  mu  :;::i  ss  s:  a ::  I 
ss  sbsb:  3:  sssn  inn 11 11  n  t:  I 


sssss::s:::s3siinEs::K:n::::n:ssRs:nss3s:i:sB::3Sssn:s::>::sK:u:nss:jBiBB8SB:s:::::K:r;Ri:888iB8:::::::sssiBs:;l 


::,;:::!i:;:i!;:::s:::B:RSss::::ui»i!B;:K:»»B!BS888r388i»S88:88SS3i,:»::s::inanniiHBi 


£ 

*!*» 


imMHmsBmmnnMMffiasRsmmsimmnnin 

8jMBgaBllWBIiiljjg|g|ii|i|ii— ySiiHHBBHM 

iiiiiiiili— ■■ 


^gmniiBiHnHRBflHHiiinffliiH 


■  Mill  ■••••  »•«* 

miiiiiin  inti  biii 


■■■ 


gansiiH 
i 


iminiB2SS8IH| 


I  lltli  Mill  ■■■■■  Hail  I 
1  mil  tun  lain  minim 

MMIIMIIl  i««ai  inn 

1  naii  niii  ■■■■■  ii«ii  inn 

j:;!!;;:::;:::::::;;;!::: 

Iiii  mu  11111  ■■■■■!  11  ■■■■min mu  11111  iiiii  111 _ 

■  ■■ . mm  mu  . . 1 11  ■■■■Mini  iiiii  iiiii  mil  11 . .  mi 

J  =====::::: 

I  s  s= ss  :i::s  :i::: :::» :ss:: :::::  :::s  ss  88  ss ::  sssss  ss::: r:::  ssss:  ru:  :nc  b  :  ss  s:  ::  ■ 

lsssss;s;:;;;;;iiii!is::s;;;:::!,i?:si:s:888SKBa888M8ia88aia»::::si8«88Ss:a«g5gss:s::;8::;:iict:ss8  imi;;:;;;;;; 

iiiii  mil  iliti  i!Ui  iiii!  mil  iil«  li  ii  I!  ii  iiiii  Iiiii  iiiii  iiiii  iim  ill!!  Illti  i  I  ii  II  i  iiiii  iiii!  i  Hi  iiii  ilil 

1  IIIII  lllil  ill!l  jtlli  III!!  m  jj  liljj  i!  Si  li  I!  Hill  SHI  j  iiiii  1111!  IIIII  ii8l  jllr!  f  I II  ii  II  Ulii  Hill  1  IS!  IlHi  HIH 

mm 


:scs :::::::  wins  uni  inm— 
eassiaiss: ::::::::  bkbi  usn  nau::::::i 
s8:»su::Kmira;Hi»mHBRiuuii:: 


n  «  M  PB  H  D  s  « 

■  ■■■Ml— 

■  ■■■■■■III 


III!!  ii  ii  mi!  HiH  !!H!  His  f  ii  ii  y  If  iiHI  iiii! !  HU  f  UH  ISsS  Hiiiiiiiii 

iiiiiii  !iil!!!iii!!!i!iiliii!i!lliillii!!  IIIII!!  il!l!!f!!! 
::  y|i|ijssin 


;;;; 

■ . mil  ■■iillltaiaaBiSSS!! 

■  ■  lilt*  ■■■■•  llltl  IIIII  ■■■■■•■■■■■■■■■■•■  IMP 

■■■iifMiHMiiaMiMm.ilii  ii ■■  ii ■■■■■■mi  .hi. it. iiiii  ttni  .MtiimMiil 

- IHIIiBi . ..iiiii  ■■MiiiisttiMHiiimtiiii.iiii  iiii  mll■■■l•••■l 

111111111111111111  . . . hi i ■■  i  mi  iiiiimiimii 

in  ■•■iiiiiii  iiin  ■■■■ii  ii  ■■■■■■■in  iiiiiiiiniaa  iiiii  iniiiaiiniil 

l■l■lll•l  11111111111111111111  illll  II  ■■IIII  ■■■■■■■III  IIIII  IIIII  IIIII  IIII  1111111111111 


I  7  •  «  10 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  92 


FLASHBUNDNESS 


NIGHL  MISSION  SYMIOl  BURST  ALTITUDE  (KllofMt) 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  93 


I  «*&*»£ 


JNLOHT_  mission 
YIELD!  3S00  KT 
FILTER i  -NONE 


FLASHBLINDNESS 

SYMIOL 

A 


:::::  ::::i  m::  ss  as ::::  r  s::i :::::  :i::: :::::  ss  a:  a:  i: 

:::::::::: ::r:  i;i:i  ss  ss  1 3 n  :;s :::::  :»n s: :: :: :: 


«  I  4  7  •  *  10 

100 


4  »  i  7  •  •  10 


1000 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  94 


-MlOHI  MISSION 
YIELD!  9000  trr 
FILTER!  NONE 


FLASHBLINDNESS 


IURST  ALTITUDE  (KllofMt) 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  95 


FLASHBLINDNESS 


_NIGHT  MISSION 
YIELD,  23000  kt 
FILTER,  -NONE 


SYMBOL 

A 

• 

C 

A 


BURST  ALTITUDE  (KUofMt) 

6  . 

10 
25 
50 


I  :s:::  ll  l!  nus:s:r  (MU';:::  £m:x!8!::£S=  :i  ii  li 

sss:: :::::  ss  is  ss ::  ssssa  sssz: :::::  u:: BBBBDiinaw«  BBiffili  :u;ssss::is 

j  ssKss  ::k:  :i::i  ih?  s::::  ::::: »:::  ss  is  i:  u  sssn  k:si  c»h  :::::  ::s« ::::: »»  bs  i:  h  n  bssss  ^  ::r  is:;  :»s:  un: 

sssas:isn2s:2:i::::s:8s::s«:;:K:sss3S8s:sss5ass::3:s:::rij:::s:s:sss:!;aisB2»ssuBsai8rif^isr2iiMiHu:Kn:  srissssrh 


liiiymi 

■Bln 


m\ 

urn 


IMiffllllBlillliaBBBMWMBiWHBBIHWMU'fllBimSIiSIHBB 


■nKHBB8mmHffi»l3HBHBir#JKaW!nn 


iiBIHBii!  SHIBljSSiir/JTiiiiBBaeiiii  i 

mmm 


*■ 

Hi 

• 

n 

sniii.Bi 

tismni 


i 


■  .iin  ImIirib  ski  rr;  um  n  is  n  i: 

|sss88:namnaiin»»i88»aBHaiBBBRm»sanBBvrBHiavK»:R:888ioniBBi8aHRflH 


i  ata«  ;t:a  rsa  eats:  uawsBiBiii  assess  ami  inmaa  ana  mans  i:bd:ii 
i  imi  ma  m n  t»:  to  n  n  n  u  sh::  :sszx  u»  m  am  ca  ss  i b  i  a  a  1 1 1 


;:KKRBliSS8SKt;HSnti»«BBil— Ml»B«miWliBM|18»:»| 


IBB  II 81  III 

3  is::::;: 


iiiifllJSBBflSili 


tmm? m am ?  w  IX HI  I 

Ainflliilli 


mn 


inMiNmim, 

jilniiifHiwI 


i  mu  i 


10  100 

HORIZONTAL  RANGE  (NAUTICAL  MILES) 


•  k*  mm  m  m  mm 

ilHiini! 


Hill 
I II II 


111 

i  ■■  ii  iil 


I  Till# 

1000 


FIGURE  96 


FLASHBLINDNESS  SAFE  SEPARATION  ENVELOPES 


DAY  MISSION  WITH  2%  FILTER 


FLASHBUNDNESS 


DAY  MISSION  SYMBOL  BURST  ALTITUDE  (KllofMt) 


0.1  1  10  100 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  97 


FLASHBLINDNESS 


hi 

■  mil  iiiiiHiiiiitrtilaiiiH 

iaan»«nwcnaii«niinngiBnnHu 

IssapnwitncuntwomiBBBiWMiiii 


:  m  on  Ha:  m  me  ::k  ss  n  n  n  i 
i  era  on  u::;  :s»;  an ss  n  n  u  i 


in 

■nils 

■ICC  H»  USD  K8I  IBB  BS  B  S3  »  K 

nm  rnniKS  mniimniniiii] 
isr8r:::»r;isr3  : 


4  ft  •  7  ■  «  10 


4  ft  ft  7  ••  10 


BBHBIIIi 


•in 

!  ■  ■•  ii 

mu 
mi  ■■■in  ii 


a  4  »  *T(i  io 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  98 


FLASHBLINDNESS 


MISSION 


SYMBOL 


BURST  ALTITUDE  (KHofaat) 


YIELD, _ 06 _ kt 

FILTER,  2% 


ssai 


1  I  aaaatoBtomto  bBBbb  ■■■■■■■■■■  aaaai  aaalfBBto  ■■■■■■  mma  ■■■■■  i  mm  —  •  ■■■  a  mm  m  m  (-uk  ;  ^ 

k  1  ■■■■■  totototoB  bbbbbibbbi  ■■■■■  bbbbi  miiaa  ■  ■  ia  ■■  ■*■■■  ■■■■■  aiaii  iai  n  ■■■■■  a  a  ait  iaaai  ■■  aa  ■■  ■■  atoMMBBia  totototoB  a  a  a**  ■mi  ■■■«■  ■■■■»  mil  Mlaa  iniaaMl 

UMMIIIMIIIIIIIIHailie  ■■■■■•■••!  »•■■■■  ■  ■■■BBBB . .  ■■■!■  •  •••!  MM  ■  ■  ■■  ■■■■■  •  ■•••  ■■•II Hill 

■iiuiiiiHiaiiiiiiiwiBiiiiiiiiiiniiiiiBi . .  iiiii  ■■  ■  ■■&■■■■■■■■  ■■■biiimi  him ■  ■!■■  ■•■■!■ 

B III  Iff  It  Mill  ■■■■■  lllll  HIM  PB  ■■  ■■  ■■  ■§■■■■  ■  ■■■■■■IIIIIIM  ■■■■■  I Bltl  Mill  ■■■■■■■■  ■■■■■  ■  ■■■!  Mill  lllll  ■■■■■  MaillllllBHHWaBBB 

mil  iiiiiSb  ■■III  mu  mil  liuipSaaai  ii 

■OiHimHiiinaaHminiNnBaaaaaiianaaaaaiiiiHiiiHiiiiiiiiiiiiiiiiMaaaiiiHgagBHfKiiiiniiiliaiiiHliiiiiiaaaaiii! 

■■■■■a— a i  lull  iiiii aaan  lain  mil  ■■■■  ■■  n  ■■■■a  aim  ■laiiiiui  iim  mil  mu  ■■  aa  ■■  ii  auaBaa  bbbii  ■■iimni  iaan  mil  mu  aa  aa  n  ii 

mania  i  . .  1 1 


. . .  aaaaa  bbbbi . .  aa  ■■  aa  ■■■BBaaaaB  bbbii  aaaai  aaaaa  aaaii 

. . an ■■■■■iam  biiii  mm  mm  ■■■■  §■&■■  ■■■■■■■■aa mu  ■■■■■  Kiiii 

■■■■■  mil  ibbii  mbii  Mni  aim  ■■  aa  n  ■■  ■u«i  aaaaa  ■nil  aaiai  miii  iiii  i 

■■■■■■  si  ■■»■■■■■■  IIIIIIIIII  ■■■■!  him 

Mi  ■■■■■■■■!»  uni  ■■■>  ■■■■  ■■■■■■■iMiimmiumBBiil 


_ ^8BIBBBBI8aBi&gQaol«SS^BDB®OBaO8BQ00BBBflHC10aB8»SB8@8iIBeMBeaOBBBS®EJffl@B9ffl®tSB88BlCUrLliri-..aBr  L,  iffijlll  pi  £■  ■■ 

^KfiaiiiiiliifiiBBlliiBi  iiiii  ■■■■■■■■  ■■■■■■■■■■  ■  ■■in  mu  ■■■■■  iiiii  iiiii  ■■■■  ■■  ii  ■■■■■■  bam  ii  in  an  aiBaaai  iiiii  Viiai  pa  ■■■■!■  I 

!=ssasaiHl  ilil  Hi!:  SiSSi  HH:Hi:!&SSSS3HIl8iia£rr:i::li::ii!SSsi::H|ini:!  SEES  1:3:  SSB5£s::E: isii:iii!iii|liES  53  s|i:| 


iaai  ■iiiiiiinaiaiiiiMi  iiiii  bb  aa  aa  Ii  ■■■■■  aaaii  ■iiiiiiiii 


■BBBBtoaaaagiimimiii 

ilBBBfliflBBIIIIIII  Illli 

■■■ilHIlilllliiillll 

lllilllHM 


ii)  aaaa  aiaii 
iiiaaalaaiil 


sassa  eass:  Has  arc  ms;  smi sg  rasa; 


■■■■ 


mat 

.LJBBI 


■■■■i  Hill  ■■■■■  hih  hhi  aa  aa  aa  aa  ■■■■a  aaaaa  ■••••  iiiii  aaaaa  iiiii  iiHiaa  ■ 

iiiii  iiiii  aiaii  iiiii  iiiii  bb  aa  aa  ■•  ■■■bb  aBaamm  mil  aaaai  iiiii  iiiii  aa  ■ 


IaaiHa  aaan  mu-...  mu  iiiii  aa  aa  aa  m  bmmb  aaaa;  iiiii  iiiii  ii  bii  miii  iiiii  aaaaai  ■■■■■■a  aaaai  iiiii  inn  aaaag  giiii  mil  aa  aa  aa  ii| 

■■■bb  iSiH  Bill  iiiii  Biiai  •«ni  bb  bb  ar  ■■  r  ^bbb  aaaai  iiiii  iiiii  mil  mu  mil  bb  ■■■■■■  3bbbb  aaaai  nin  iiiii  aiaii  iiiii  iiiii  aa  aa  it  ill 


sssss3»s:H:K!«»;::«iii 


■bmSi  iiiib  ■■■■■  II 

■■■■■iifiiiSiiiBi 
■■iMaiiniiiiii 
■■■■■■■■■■  litaa  i 


111011 

■iiiiSB 

i  ■■•11111111 


31333 


•  Bill  totototoB  BBBBI 

■■■Mmiiiiianiial 
■■■■■■■•■a  nail  ■■•■■■■•■I 


biSmIii  anSSaaSaaTiaMiMiTiaa? 

■aaaai  u  ■■■■iiiaii ■■■■•aaiiiiifli 


111  IIIII  IIIII  ■■  Ifl  II « '•  ■■■■■Mill  ■■•II  BIIII  ■■■■■  ■■■■•  III 
■Mfliill  ■■■■  I  I  ■■■■■*  !■■■  IIIII  IIIII ■■  BII ■■■■•  III 


lain  33m  mm  mm  mm  ■■■■*  &■■■•  aaaai  I 

. . . 

iaaai  hi  m  b  ■  a  a  b  b  bb  aa  ia  m  ■  ■■■■!  aaaai 
iHiiMBBaaaimiaiBiaBBBaaiiimH 

■■SiiiispiBSSsficj 

aaaaiiiiii  _______ 

■aaaai  inn  ■■■■■■■ill  mil 
■  ■■■■■■  aaaai  lain  Bina  Mill  ana 


£=essss:I 
ssssassl 


■il 

■nl 

[iJ5I?SS5SS  S-SS;  iSiii  —  —  — —  5555 SmESSSSS^B 

iHiiaaaa*i«*iM*iiiaiBBaaaMia»MaiiBBaaad 
Mia,  aaaaa  ••••«  >aia  bb  a*  aaaaaiaaia  Baaa 

■■■bliatiiiiiiiaaBa  mm  mm  m>»aaaa—«»w» 

SBBTmSniiimSTBBa^7mSSBBBBBa!!3Siliiii  aaaa!  3333!  3533!  5333aaa!  Ham533S3aiM**!| 

BBBBBBMI  Mill  MBB  MB  BIB  ■  BIHBBBBBaal  aiBBI  Hill  BBB . .  BB  BB  BIHBiB  BBBBilaail 

■■■■■a  aaaai  laiiiBBaa  bbbb  i  ■■SSiBBaai  bbbbi  aiaii  aaaaa  aaiaa  aaaai  ■■  mm  mm  aiwmBaaaaaBBaalaiiiil 
III  bbbBb  iBaaaiiiiimaB  aa  to  q  ■  <>  . naan  aaaaa  bbbbi  aaiai  aa  to  bb  aa  aa  mmbbb  aaaai  Baaal 

■  1  BBBBB  BBBBB  BBI  If  BB  BBto  BB  II  ■■  Vi  to!  BBBB  BBBBB  B  B  BIB  IBBII  ■  ■  to  to  B  BBBlB  I  Bi  1 1  BIB  BBH  ■  B  BB  toHtoBBMBBBaB  ■aaaailitiaHHpHHHMpBBMI 

■i ■■■■■■•■ia mil ■■■■■!  ■■■■■■■■■■  . ■■■ii  inn ■■■■  ■■  iiaMfiaaBaMa mil imm kgiii Mill  nl  ii  ■ 

H|iii ■■in iiiii m h ■■  ir  ii  «■■■■■■■■■  >■■■111111  iiiii  anil  mil ■■  ■  ■■■  ■  ■■■»«■■■■■■  1111111111  ■■■■•  iaa  1  ill  ■■iiRii 
mi  mil  mil  ■■  ■■■ii  ■■■■■■■■■■  miii  mu  ■■■■■  iiiii  inn  ■■■■  ■■  11  ■■■■■■■■■■  ■iiiiiiiiif  ■■■■  ■■§  1  •■■  ■&■■■■■ 
■■HmiiaiiitBHfiaa  hi  ■■■aB«BaaaaiiiiiiiiiHaaiiiiiiiiiiiaBaBHii«npaaBBHaii*i  inn  ■■■■■  ill  1  111  ■■■■■■■ 
■1111  ■!■■■■>  mu  mil  ■■■■■■  ai  ■■■■■■■■■■  miii  iiiii  ■■■■■■Mimin  ■■■■■■■■—■■■■■■■■  ■UHiim  ifl  in  1  111 

■?i  l!W8|i!lll!illl!»lH>  il'  . . . .  Ll«  ! 


■iiiii  nil  Mniiiiiiii iniiiiiiiHi - 

■nun  1111  ■■■■aauNiiiimiiiiiiiiiiiniiiiii 


«  *  7 

!«  ,  4 

Su  s  * 

5  j  ? 

t  , 

«u  3  • 

?  a  V 


■■■■laaainiHi 
■■■■■■•III  lllll 

SSSSHIliiKKi 


■■■■■■■a  ■■  11  my  in 

■■■■■■■■uliliiniN 


ss: 


■BimSSmS SbIB  bbbbb  bbbb! 33SaaaaSSii!l 

aa  to  bb  to  to  ■■ill  iafiia  •■aai  ■■■•■  ibbii  iaaai 
■•■■■■■ilB  ■aafiaiiaiMBM  ■•■a*  lain 
aa  atoaBBa  to  ■*■■■  ■■■■  a  ■■•■!  ■■■■■  ■■■■■  titaa 


am  ■■■■■■■■■1 


1111  ■■■■■iiiii  mil 

lili  ■■■■■mu  mil 


(■■ii  aaaai  ■■■■«■  aaBia  aaiai  aim  ■■■■■  (alia  aiaa 

»niii|i  ■■■•  ■■■■■  aiiaai  an  ia  11  an  aaaai  laata  mai 
inaaS' i ■■  ii  ■■■■■■■•bi ■■■■l•«•l«■■■■■•■■i■ 

■■■■■  ■■■■■  iiiii  iiiii  ■■■■!  19 inn 

■■■■■■■■■■  iiiiiiiin  ■■■■Him  iiiii 


■■■  1  ■■  pi 

■■■  1  ■■  11 


■■ 

— ■■■■■■■! 
■am  uni  limn  is  11 11 

sb;  2Z2 s; 

to—  •  .to  toS  M> 

==:;=zar 
SSilSSSl 

■a  to  a  to  h  ■  b 

ss  :&:ib 


■■■■■■■an  iiiii  iiiii  ■■■■Him  iiiii 
NanaatiiiiiiimiiiiiiiiiiiiiiH 


•i  to  «  to  BB  toMBBtoto  totoBtoB  BBIB1 1IHI  to  to  to«B  Mill  ■■BBI  BB  to  MM  to  to 

■■  ■■  aa  aa  ■■■■■  ■■■■■  mil  iiiii  Hani  aiiai  isiai  Bn  ■■  ■■■ 
mm  ■■  ■■  aa  ■■■■■■■■■(■••ai  ia«a;  ■■■■■  iaan  |(iai  ■■  ■■  ■■■•! 
■■  ■■  ■■  ■■  ■■■■■■■■11  iiiii  mij  miii  ialii  liiNai  ■■  Sa  ail 

Bum  ■■■ail mmmmm ■■■■■  11m iiiii ■■■■■  mil  11  mi ■■  ■■■■■■! 
■■  ■■■■■!  ■■■■■■■■■■!  IIIIIIIIII  ■■■■■■■ill  1J1I1  ■■■■■■■■! 

■■  mni  ■■■■■■■■■1 1111111111  ami  iiiii  iiiii  ■■  ■■  mi| 
■■  ■■■111  ■■■■■  11111  iiinimi urn  mil  iiiii  ■■  ■■  iim 


■1333  S3KI 3 

a  ••■■■  aaaai  ■ 


■■■■■11  ■■■■>  Mill 
•111  ■■■■■■■ill  Hill 
nil  ■■■■■inn  iiiii 
■nlS»«n  mn  mai 


toBBtoBBtotMaatototoB  BaatiaMiiaBBaa  aaXaa  aaaai  a 
HMMtoHBBBBI  BBBBB  aaaii  ■■■BB  BBBBB  BB1BI  ■ 

■■bbi  bbmbb  bbbbi  iaan  ■■■■■  bbbbb  aaiai  a 

HtototoB  totototoB  BBBBI  iaan  totototoB  BBBBB  BB  BBI  B 
toBtotototo  to  to  to  to  a  BBBBI 


■■  ■■■■■ 


|  ■■■■■*■■■«  i»Mi  Hill  ■■■■!  HMI  Illil 

I  totofiaaBBtaainiiHiiiaaMiiiiii 

■■BBI aaiii  iaiiiiim  bbbbi  iiiii  iiiii 
■■■BaaaaaiimijiiiiiiaaMiiiii  iiiii 

■  ■BfeBBIHII IIIIIIIIII  lllll  IIIIIIIIII 

■  BBBBI  lllll  IIIIIIIIII  IIIIIIIIII  lllll 


:!!i  £::£::{: 

■  BJJJ  to<  •  to  to  to  1 

. sisssii ; 

m  mmm  mm  ■  . 


•  ■  ■  tt  ■  ■  to  a  a  bbb  a  •■•II 
_ iBBBMIlil  •■•II  ■■■■■  ■■■■•  •■•II 

■■■■■mi  iiiiiiiiii  1111111111  mi 

asasBsaaisemHMiM  inn  ■■■■■■■■■■  iiui 


■■■■■■■■■a  ■■l■al■•ll■■■■ll■l■■  1 


BBBBBtoaa  BtotoBBBBB  totototoB  BBBBI  IBIII  totototoB  BBBBI  MIII  to 

BHaaaa  ■■  ■■  ■■■■■  ■■■■a  bbbii iiiii  ■«■■■  ■■■•!  iiiii  9 

■■■■■■■•  «■■■■■■■■•  ■■■•111111  filiia  ■■(■miii  9 

■■■■■■■•nnaBaaBi«iaiMiinniaBaH|niiiiiin _ 

■■  ■■■■■■—■■■■■■■■■  aiumm  ■■■■■■■■■«  imi  ■■■■■■■■! 


■  ■■■■■■  1 

■  ■■■■111 
I  !■■■■■•! 
1  (■■■■■■  1 
r  !■■■■■■  1 

■■■iiiii 

■■■inn 


■■■■■■■■■■■■■■■•■BaiiBm 

■■■BB  totototoB  BBBBB  IBBII  BtoBM  BBBBI  aBBBI 

BtotoatoaBato  ■■■■■  bbbbi  iaan  bbbbi  bbbbi  Iaaai 
HtototoBBtoBBa  BBBBI  iaaai  tototo^i  aasaa  aaiai 
^■tofato mm  HtototoB  bbbbb  aaaai  bbbbi  mu  aaaai 

■■■■■■■■■■■a  ■•ill  iiiii  ■■■■■■•■■i  Mill 

■■■■■■■■■a  lain  iiiii  ■■■■■inn  iiiii 
■■■■1  ■■■■■  iiiiiiiiii  ■■■■iiiiii  inn 
^■■■■■■■1  iiiii  iiiii  hhi  ami  mni 
■■■■■■■■■iiiiii  iiiiiiiiii  mil  mil 
■■■■■■■■■iiiiiiiiiiiiiiiiiiiiiiiiii 

nsisgsssBQSosiiiiiitiiiiiimii 


to  to  »  to  ■  3  ailjtotoBto  totototoB  a 
to  to  tototof  BB  ito  MB  BBtoto  totoBBBB 
to  to  toBtoiai  BtotoBBBBB  to  tototoBB  B 
■■  aa  ■■■■■  toto^H 
^••IIMtolitoHBBl 

■  ■■  BI  ■■■■■  ■■  j 


Bto8SSBSi;i;:;ss3 

•  •a  bbbbb  aaaai  a - 


a  ■■•••■••aipaa 
BBfiaaiaati  toito 
■  - _ 

.  •  totototoB  bbbbb  aaaii  toaa  MB 

bbbb  aaaai  totototoB  bbbb  a  aaaai  bbbb  mb 
bbbbb  a 
MMM 
■■■ill 


■  ■■■■■ipBSSianiTiiiiniiiiaaaaMiiiiiiiiiiiaiiiiil 
■■  ■■  11  a; &■■■■  inn  ■himmii  ami  aiaii  iiiii  ■■■■■■■■  I 
■■■■■■■a■lH■■■■■■■Rlllllll•ni■■B■  iiiii  inn  ■■■■■■■•  I 
■■■■■!■■■■■■■  ■■■■IIIIII  iiiii  ■■■■■aaiai  mil  ■■■■■■  ail 
■  ■■■■■  ■!  ■■■■■■■■■■  lllll  lllll  ■■■■■lllll  Mill  ■■■■■■  III 

■■  am  11  ■■■■■■■■■11111111111  ■■■511111111111  ■■■■■■  11I 
■■■■  11 11  ■■■■■■■111  iiiiiiiiii  Miaftinii  mil  ■  ■  ■  ■  ■  ■  nl 
nsBSiBSBQHsaQniiijiiiimiiiiLTt  1 1 1 1 ti  n  mi n  .  r  >  > 


■■imuiniiiiiiimiiHiiimnBBiiiiiiBBiBBiniiinimiiimiimiiiiiiiBBiiniil 


4  b  •  7  •  •  10 


4  ft  I  7  I  910 


100 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  99 


FLASHBLINDNESS 


DAY  _  MISSION  SYMBOL  BURST  ALTITUDE  (Kiloftd) 


YIELD. 

0.6  rr 

A 

50 

B 

100 

FILTER, 

2% 

C 

HORIZONTAL  RANGE  (NAUTICAL  MILES) 

FIGURE  100 


FLASHBLINDNESS 


-PAY  _  mission 


SYMBOL 


•UC ST  ALTITUDE  (KUofot) 


YIELD. 


FltTEi:  2% 


sass: ::::: :::::  a::: ::::: ::::: :::::::::::::  ===== ::::: ::::: :::::  r.::: :::::  =s  ::  s: :: ===== :::::  :n:: ::::: :::::  ss  ss :: :: 
SSS5SSSSS!  ■■•••■■••!  ::::: :::::  n  n  n  a ::::: ::::: :::::  \::v,  ass: ::::: ss  s: :: ::  sssss ::::: ::::: ::::: :::::  rrs:;  :::;s  ss ::::::  I 


Is::::;;:::;:::::::::::::; 5sss;:;;;::;:;::::::::;;::::::i::::;:::;:;ssss5:i:«;;:«  »bi 

ins:;::;  rasa  n  susiRimiu 


sssss  sun  «ri  in«  iss::  :ssa ss  s  s:  ;s  i 


■■h— waiMBiK^giamwwsBiiMwaBMiwiiaiiBi 

■mm  =;=«  == =■ 

I  s3St8  Ststs  usi :::::  a»  ms  i;:::  ss  ss  SMPmMMWIlHIMMiniMHimMMHMHIHMI 


I --2!!!!”! "!!!!!”!!!!!!  !!!*!!"!!!■  SS  !S 

MHMMMnm  1118  iiui  ■■  ■■ unan? 
Ll  sssss  sssss  nn  an  an  ms  an  ss  ss  u  u  sr^x: 
ii— ■■■—■: — to  m  ss  msesi 


R  «i!3HIiiigl 

■■  ■  ■  •>■■■■■ 

:::ii 


IHUItH'  Kit  I 

,IHI>'..i»4lll  II 

lk».»l  'I*',  illll  ■■■■■  Ml_  B 
-.»»■  .111  iiiii  mi  1 1111  Hmm 

IL.ii  till  Illll  MIU  llll  mill  1 

.;:.i  aiiiri^sSs&iaBnnnB 
uxi'  ;r  »r.i:xu::u:;^;ss::u:i 
.assiXKSKttsaia:::::: 


;iRr.»as;;;sssKRSssss:s:k!:ssi!Ki;u:::::ii&ass38UK! 


b  sun  nanus  mum  ins  p  nun 
ss  nit: ;ttc sssss  sssss :::::  ss  is  ss  t: 
::  :s:s: :::::  :::n  ssis:  m:i  ::::s  11  s:  ss  s: 


liMHiiSifiilliiilli!  Illll  !li!i  iiiii  If!!!  M  if  i!  ii  if  illll  Hill  illll  SIIh  iiH!  illll  Hli!  5 II  SI  II 


ii 4 

! 


mniiiHiiiilii 

SsslilU! 


mm 

1— I 

HfHaij 

. . . 

■  ■■■Illll  ■■■■■ 

■  ■■■■11111  llllllllll  1111111111 


iss: 


::: 


pm 

isissss;;:: 

11111111111 
in  iiiiiiii 


Esssssis:  iiiii ji!iis:::iis:iil 

»■■■■••••  •  •  M Illll,  ■■■■■  IMIMi 
!•■■■■■■  ■  MB  IHMIllllSMISnilU 


wmim  1 


■■■■1 m 
■■■■I  III 
!■  II II  !!■■■■■  1  llll 


Rssasssssssss 

■■■■■■■■■ilia 


•JsBninnumucssuRKsiauisiuRnnsas  as 
■sms  situ  Hiatus  iissi  ssm  as  si  n  u  is  asm  sir.1 
sssss  mu  uinstBi  sis:: :m:  &:•:  sssss: :: :::::  as, 
sssss  ssss:  sissi  SKii  sss:: i::s  ss  isss  s:  sssss  sss: 


iiiiiiiiii  i.iH 

•  ■•null' Illll  111 
iiiii  iiiii  dm  iiiii  mi 

llllllllll  (*■•1  •••II  ML  _ B _ , 

iiiiiiiiii  ■■■■■  ntn  iiniai  ■■  >1  n  ■■■■■iiiiiiiiiii 
1  itiit  iiiii  mu  iiiii  imu  ■■■in  u  ■■■■■  lain  iiiii  i 
ins  :a  ss:::  :siu  tas =:::::::  sasss  ss:::  ss:::  las  sssu  inn  m:i  is  ss  s: ::  I 
:  tar. :::::  sssst  :::i:  it;::::::::::  bsssb  at:::  :::::  1:11:  irbxjise  :::::: 

nss RK:sffissan:issiiSH&»:RURit;mi!  mil  ffiiisssi:::: 

: :»» ss:::  :ssii  !■  ss  ss » s:  sssss  ssss:  :::s: sss»  :s»:  :ns;  sssss::: 

illfjlii;;  iiiiiiiiii  Iiiiiiiiii  iiiii  till!  iiiii  Iiiii  !iitill!!ii!!i!  iiiiiiii 


!■■■■■•■ 

■■■■■in 


snaisaii  mm 

BBSS  ft; 

mu  iiiii  ■■  ■■  11 11  ■■■  ■mi  1  mm 


,■■•111111 
iiiiiiiir- 
11  mil  111 
iiiiiiiiii  ' 


Mlfi■•l•lll•IINII■■l 

11  iiiii  iiiiiiiiiiaii 

iiiiiiii  iiinliniMi 


•  ■•••ill  1  illll  ■••■••  . . . 

Mnmii  mini  ■■■■11  ■■■■■■■■■■  iiiii  liiiTBI 
■■■■iiHimaai  ■■  11  ■■■■■■■■■!  inn  iiiii  mi 

[■•iiiii  ■■■■■iiiii  iiiiiiiiii  ml 
. ■■■■•iiiiiiii . .  Illll 


sum 


ss::: 

■■■■I 


■••■  1 
111 1  iiiii  ii  ii  ii  11 

iiiiiiii  ■■■■■hi 
iiiiiiii  ■■  ■■  ■■  11 1 


4  1  «  r  •  •  ib 


»  4  1  •  ,  •  1  <• 


100 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  101 


ALTITUDE  (KILOfEgn,  , 


FLASHBUNDNESS 


MISSION 


SYMBOL 


BURST  ALTITUDE  (Kilofatt) 


IaJ  ssss:  :::::  sw  ::s:  saisi  bo;  tacn  Bn  n  Ban  u:::  mu  an  uss  un  me  rj  n  u  u  i 
ssssi  ::::i an m an ma :::::  ss  ca  i:  :t  ssks ::::: bo  an:  tszu  urn  ttsr  :■%  u  u  n  i 
s:ss8s::::»8iR:sRa:iKRiK]2:nR»::si8ss:»s:nn!Rfl>isnin>:^nsaiii 
ssss8iiiUiUiiiiiiiBiiiiiiiH;;«i£n=H^^::::!^^^ii8iiBiiSHiiSr 


i:::ss3ssiii:| 

iBisBiBsm: 


■l  illilililigpililllllllilllllll 

I  ssskuiII  m  E  !»li  ;»i  as  :s  :i 


^^^^^^^Mi:natn;iMK:nnEa3M8nn8n«8::is:g;;:nng8,.sinniH 

■■■ 

iiiililllSmSSHgiSrailliliiSpifgiSSmyi 


iniunnul 


ilTiiliBlfiBillBPipillllilllOil 

iiiii!iill{9IPjiif!l!IMiniilli  iiMilii!!  HU  iiSISIHli  iHH  !| 


1  inaiaa :»«  ag;  ;:n;  sa  cs  si  i:  gssss  ssa:  :sn  mu  am  isi;  ««■■■■! 

ss**!  wa  ski  wks  :utsu»sssiiR! 


iSSi 


JUJU  JJJJJ  ]j»;  I 


iobbrurI 

ibbbhbbI 


1 

:  :  : 

* 

: 

1 

ISM! 

-i; 

-!  1 

IZZZtuSm  Z1 U  i>  X3ESIIXZII  ..niMil!  Ms!  1331  nU2  SB  SI 
;j:;;  a;  n;:i:  33Ei::t::xg::gigHBnimRn 

■BUMWOB  DBIBniRniilSIRiSinBiBSiBB 

3SSS5  S58R  RRS  S8SR  SRI!  KRI  S3  ■ 

M8ig«  ims  minim  ism  minima  a 


■na 

EH 


:i; 

l■UII■lllllll 


6  7  ■  •  10 

1 


1  1  «  t  t  I  •  IU 


4  6  6  7  a  1 10 

100 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  102 


FLASHBL/NDNESS 


DAY 


MISSION 


YIELD:  10  KT 

FILTER:  _ ?% _ 


SYMBOL 

A 

• 

C 


BURST  ALTITUDE  (Kilof««t) 
I 

5 

10 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  103 


ALTITUDE.  (KILOfE^ 


FLASHBLINDNESS 


QAY _  MISSION 


SYMBOL 


BURST  ALTITUDE  (Kilofatt) 


YIELD  i  10  rr  A 

I 

FILTER:  2%  c 


50 

100 


;=:s::Ms:uu:u:c:ss:::s:;su:sss:u::sssaKsr:»(:ut:c:s::::u:Rs:iasiuRS8issss3:i|«a:RB»s2:u:Km8nBiBiu 

ssnKBrwi s:k!r::«k: »ns KRI5.IIHII ir ;m»:i  »naintu«ia swims srkhc 
isssissjD— HiaaiaBaiasMgswBBaaiBCTiHniBiiis^rqr^igagiBHig^iKBBiaBBimnanmBasiaiiB 
!ssss::R:i»RiB»B3»KB!!»:niii!Hinmr.nRiBi»iu]2iBii^ii»BBriiRiinnniini]niKKDii8Bii»Ha 


♦  •  1 

4jjt 

0.1 


10 


100 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  104 


ALTITUDE-,  (KILO PE ET^ 


FLASHBUNDNESS 


MISSION 


SYMBOL 


BUBST  ALTITUDE  (KilofM«| 


YIELD: _ 30  rr 

FILTER: 


:::::  r:»:iri  is:::  ::k:  ::::  ::::::::: 


■s :::::  :rs :::::  :r::  sits  k  s:  :t ::  rsss: ::::: :::::  \xsi  n&s  hr;  ss  i: :: :: 

rk!«  nskems!  skss  !!!&  I!!:;  ss  ss  h  i!  sssss  ssss:  »:a  I.*::;  BsztfTOt  uiu  ss  u  » inn  u:s:  ski:  bui  xi»:  iu« :::« ss  ss ::  r 


w*ii  wn  tnn  irtn  mr  n  mm  mil 

»  *mm  mi!  aw  mt:  tan  me  u  n  m  n  i 


iiiilliSIl  !Uti  Hill  HU!  Hill  ill!;  ii II  l!  it 


iJMi 

mil 


-  -2  -  - : 

I;:;;;;.,,;:*::. ss: 

Iliili!  IHiliHli  IIFi  ifll! II 11 H  h  SSlii  Hiii  iiimiiH  III&  liHi  1!  SI  II  i!  I 


IliiillilBHBi! 


Ht4*  H 


inssassisBs: 

lonsssssnnR! 


■  5585b  KiJJ  HR!  rnmZml  !••!)  MMI  I 


Sinai 


’•s  *1 


i»  j  > 

e 

if  |  » 

:«  2 

1"  « 

i*  * 


sail 

MM 


. . . iiiiii 

■iiiiliiii  iiiii  mu  nmi  ■■  is  u 

BBiMiuuBaa:aaiiaiBS!HHBBKs::::ainiiinni«HBaBi 

sssn  inn  mstna  wan  an  b»  h  si  h  b  buss  ns:  irs  u:::  nsa  ran  « i 
sss38mniiaiHai8»:»j(iRSiS28SRnBssssua:R»s::iBs:uRRiia! 
sssBiB8RH»Rifi6innR!iRUiBinnnisss8uss!8s::;i:»s8K2K:L'BB 

iiiii  ui  util  [up  no i  iioi  din  si  18  ii  n  Sim  my  iyn  n  iiu i  his  ^ 


!  NIMBI 

iiiii 


■sn  nm  nn  n  si  is  r  I 
Etna  iRa  gaimmmnrc  nnn» 
iB»B»BaiBBB8iuiimnnnl 
B8I83S  IBB  HR  fl 


inBMfi 

Hi 


li 


iMliiiWI 

mm 


iImhiiI 

lini2SljU8E58SI2!ISSnnRi  ISI5I IX1CSIQ1 18 II II 81 

las  a  &bss:  ss:::  :rr  u:r.  an  rri  he  ss  is  u :: 
laBB&sssssRKiiRiiKsmniRaBQiRs::::: 
ilDRRSUSSBKSiRSliaflBnanBRailSRU 


ii 


I 


I  1  •  t  10 


III  I! 


IBBIII 


llSSBSi 

HiiiHili 

BBSS 


11 


«  1  ■  » 10 


BB«  •*  Mi* 

aacnsRRr. 

11  mu  ib  ■■  it  11 1 


•  T  •  •  If 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  105 


MMM 


ALTITUDE  (K!J.OfE£Ti 


FLASHBLINDNESS 


-PAY _  MISSION 

YIELD;  30  KT 
FILTH: 


SYMBOL 

A 

B 

C 


BURST  ALTITUDE  (KilolW) 

50 

100 


ISSSKSUUitt* 


0.1 


10 


100 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  106 


FLASHBUNDNESS 


FLASHBLINDNESS 

MISSION 

SYMIOL 

BURST  ALTITUDE  (Kilofctt) 

LliL  ::::: ::::: ::::::::::  :t:u  as:  ::se  si^mus: 

i  n;:::::: i: »  u  c 

iron  sis: 


5  issss  nm  ]  gjj  xinx  an  ms  11  u  u  a  ■■nmtu  isu  bdi  i 


nEanimnunnBi 
ms  issii  issi  nU  si  si  si  it  i 


i  antra  is  iiiibI 
imnniiail 
^■issnsiR 


p:  m 


muni 

IBMBI 


mnni 

innm 


laniii&RBaainnMiiBBi 
non  lantraim  Baton  u:jub: 


I  BBUHWBI 

i  BflBQJisznBzcnnnianBi 


iBBiiainBBiuniniianD 

iBHnmuanamnnniimil 
inmonffiinniBBuiflBii  n  u 


BEISC 

mm: 


inimans  wninflRffliiannn 

IHnStlflSH  i&DHIH  Ifflltstfi  !^j  S3  K1  SI 

nun  usinsiu  sxn:,:u iszsi sczu  «ni u  si  si 


id 

ill 


i  i  ft  ft  r  •  v  10 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 

FIGURE  108 


FLASHBUNDNESS 


_ PAY _  MISSION 

YIELD:  200  KT 

FILTEI:  .  2% 


SYMBOL 

A 

B 

C 

D 


BURST  ALTITUDE  (KiiofMt) 

1.9 

9 

10 
20 


sasss  e::::  »:n  ins  bob  is::  iuc  a  n  u  s  ===== :::::  ::::::::::  :sk:  ins  sa  :s  u  n  n  mn  :::::  ::n:  :jri  ::i::  nKHMunKiT] 
Isssnsss:  nasa  sanaa  sc  siBOPgamaxamfl  ms  aniinc  me  nmnminra:: :::::::::  nti:mmis;m:::::  I 

8m8ilKllilil]»;S,,ii3iiiKlKSL,;!!l 


IMINNMMM 


SSIS3  UHl  me  Siiu  mu  »>*<  si  u  ai  n  ai 

95B9suR!»n!!ieimi!n8::a!nBnK888S8RSHi«8ii2!!maBi8iis&:!6uii 
ifin  siiti  ii««  iiy  fH  h  B II B515I  if  Hi  m-n  sHS  -f?  ^f!(  B  l»  N  !i  IHS  lilll  M  III  !l!!l  iiHl  ilfli  f«l!  SI  II H 

-  m?i  im  nnuu  mu  ssss:  ntn  mi, 'mi  u."  ca  si  i  (i  mu  mu  sin; uni  ism  ;;m  eiiiie 


iHfiiiilliilliiiyiHSiimoiliHRi! 


1 

--1 

: : 

r; 

s  nsn  on  b»  is  n  n  n  i 
■amananiBBina 


;u:::n&itsitsu:!3G!SEn:;;ii: 
jMBMMMBMniHI 

;  s::::  t:n: :::» tau  sa  a  8 : ;  i  ■ 


2*  < 

V 

N  ! 

5’® 


llISjfBflMillHillfl  ilHiii 

1 11111111 


c  ssni  mn  «»  mn  ora  uni  rb  n  a  n  I 
i  sa:;  u»  n»  mn  mn  :nv  n  n  n  u  I 
iisniin:imiaugaiiiaiinn»l 


iRliiiiill 

;Siii!!l!!!i! 


=38111 


IM I— 1——— HPI 


SSSIURSliaillBRRI 


•HillliniiHIHHi 

IIHIKniittRiliBi 

lHaiiiiii 


i  use  mn  ikc  mu  mn  ms  n  1 1 1 
imnnnnnnnii 
HjmsittffliiiBHiHaai 

s»i!:snz:rciiissBai 


•  mil 


■uiiiixxI 
ISGSIBBEIi: 

u;:i: :::::: 

liilifiii 


!! 

Ilffi! 


9  T  I  I  10 


s  4  i  i  ?  •  no 

10 


%  i  >  i  •  ii 


100 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  109 


ALTITUDE.  (KILOFEET^  _  Jg 


FLASHBLINDNESS 


FIGURE  110 


FLASHBLINDNESS 


MISSION  5YMKX  *U*ST  ALTITUDE  (KBoWI 

mo,  **°  rr  *  19 

l  5 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  111 


ALTITUDE  (KILOFEET) 

■a  ■  *  »  v  »  ■» 


FLASHBLINDNESS 


-.day _  MISSION 

YIELD:  3600  rr 

FILTER:  _ 2% 


SYMBOL 

A 

I 

C 


BURST  ALTITUDE  (Kilof#*»l 
4 
10 
25 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  114 


FLASHBUNDNESS 


DA Y _  MISSION 


SYMBOL 


BUIST  ALTITUDE  (KllofMt) 


HORIZONTAL  RANGE  (NAUTICAL  MILES) 


FIGURE  115 


ALTITUDE  (KILOFEET) 

M  m  »  •  »  • 


FLASHBLINDNESS 


-  MISSION 
YIELD:  23000  (a 
FILTER:  2% 


SYMBOL 


BURST  ALTITUDE  (KilofMt) 


APPENDIX  A 


RETINAL  BURN  CALCULATIONS 


APPENDIX  A  -  RETINAL  BURN  CALCULATIONS 


The  method  for  calculating  retinal  burn  envelopes  is  essentially  an 

elaboration  on  the  method  of  Allen  and  Richey  .  Basically,  the 

thermal  energy  given  off  by  a  fireball  in  the  time  necessary  for  the  human 

eye  to  blink  is  calculated  from  the  thermal  characteristics  of  the  weapon. 

This  energy  is  attenuated  by  the  atmosphere  (air  and  water  vapor),  the 

aircraft  canopy,  pilot's  visor,  and  the  clear  media  of  the  eye  and  the  retinal 

irradiance,  Qr,  is  determined  as  a  function  of  distance  from  the  fireball.  These 

T 

values  are  then  compared  to  the  allowable  retinal  exposure,  Q  ,  which  has  also 

r 

been  determined  as  a  function  of  distance.  The  computer  program  which 

generates  the  envelopes  given  in  this  handbook  uses  a  mathematical  convergence 

technique  to  determine  the  allowable  horizontal  range,  i.  e.  ,  the  distance 

T 

measured  along  the  surface  of  the  earth  at  which  Q  =  Q  .  A  series  of  such 

r  r 

calculations  for  several  different  observer  altitudes  defines  one  particular 
envelope. 

The  calculations  given  below  are  intended  to  illustrate  the  model  used 
in  the  actual  computer  program  and  also  to  demonstrate  a  simplified  technique 
which  can  be  used  to  approximate  threshold  distances  without  the  use  of  a 
computer.  It  should  be  noted  that  the  approximation  mi  ’el  described  uses  a 
so-called  "flat-earth",  i.  e,  ,  the  earth's  curvature  is  not  taken  into  account, 
whereas  the  computer  program  described  in  Appendix  C  takes  into  account 
the  curvature  of  the  earth.  Generally,  allowable  horizontal  ranges  calculated 
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by  the  approximation  method  are  somewhat  greater  than  would  be  predicted 
by  the  computer  program  using  the  "round  earth"-technique. 

In  order  to  hand- calculate  an  allowable  horizontal  range,  the  following 
parameters  must  be  known  in  advance: 

1.  Blink  Time,  t  (0.  25  seconds  for  yield  below  1000  KT; 

D 

0.45  seconds  for  1000KT  and  above). 

2.  Weapon  yield,  W,  in  kilotons. 

3.  Weapon  burst  height,  H,  in  kilofeet  (thousands  of  feet). 

4.  Observer  altitude,  A,  in  kilofeet. 

5.  f-stop  of  the  human  eye  (f=6.  8  for  a  day  mission;  f=2.  b  for  a 
night  mission;  f  =  3.  4  for  a  day  mission  with  2%  gold  visor). 

The  value  for  "k"  (fraction  of  thermal  radiation  given  off  by  the  weapon 
in  time  t  )  is  obtained  from  Figures  A-l  or  A-2.  The  sea  level  fireball  diameter, 
DFBq,  is  obtained  from  Figures  A-3  or  A-4,  and  the  value  is  then  corrected  from 
sea  level  to  the  burst  height  H  by: 

DFBh  =  DFBq  x  a  _l/3  (1) 

where 

a  =  ratio  of  the  air  density  at  height  H  to  the  standard  sea  level  air  density. 

Table  A-l  lists  values  of  c~^3  for  several  burst  heights.  A  linear 
interpolation  will  suffice  for  any  burst  height  not  listed  in  this  table. 
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The  maximum  anticipated  retinal  exposure,  Qr,  is  then  calculated  as 


a  function  of  the  horizontal  distance,  S,  using  the  expression 


Qr  (S) 


=  2 


apkWTTxlO 


12 


4~f2  (DFB  )2 
H 


T  (S) 
a 


(cal /cm  ) 


(2) 


Here, 


Qr(S)  =  2Qr(CALC),  with  the  factor  2  introduced  as  an  arbitrary  safety 


a  =  0.  79 


factor 

Fraction  of  the  thermal  energy  radiated  which  is 
located  in  the  spectral  region  effective  in  producing 
retinal  damage  (350  m  i  <  E  «■:  1  500  mu  assuming  a 
5800°  K  black-body  radiator). 


p  =  1/3 


Fraction  of  total  weapon  yield  converted  to  thermal 
energy  (low-altitude  detonations). 


Fraction  of  thermal  energy  released  during  time  t^. 


W 


Yield  of  the  weapon  in  kilotons. 


T  =  0.  8 
e 


Average  transmission  of  clear  media  of  the  eye 
(assumed  5800  °K  black-body  spectrum). 


Ta(S) 


Average  transmission  of  the  atmosphere  for 
horizontal  distance  S. 


Tx  =  0.9  =  Maximum  transmission  of  aircraft  canopy  or  windows. 


'Refer  to  page  22 
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Ratio  of  the  effective  focal  length  of  the  eye -lens  system 
to  the  diameter  of  the  pupil. 


DFB  =  Assumed  average  fireball  diameter  in  centimeters  during 
exposure  time,  tg. 


and 


Ta(S)  =  exp 


,  eff  ,  eff  1 

-k  .  m  x  exp  -k  w , 
A  w  j 


(3) 


For  H  i  A,  i.  e.  for  an  observer  altitude  different  than  the  altitude  of  the 
detonation. 


m  = 


PAq 


qA(cm"1) 


» 

.(H-A)Zt 

sA 

H-A 

1/2 


exp  [-qA(kft_1)A]  -  exp  J-qA(kft‘ 1  )Hj 


(4) 


and 


w  = 


wo - 

qw(cm  ) 


[(H-A)2+S2  ]  x  exp^-qw(kft_1)A]  -  exp  [-qw(kft-1)H] 
H-A 


(5) 


Here, 


m  =  amount  of  air  per  unit  area  in  path  between  the  observer  and 


the  detonation  in  gm/cm  . 


w  =  amount  of  percipitable  water  (water  vapor)  in  the  path  between 

2 

the  observer  and  the  detonation  in  gm/cm  . 


ke^  =  effective  narrow-beam  extinction  coefficient  for  air 

A 

=  6.  218  x  10’^  (cm2/gm) 
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=  effective  narrow-beam  extinction  coefficient  for  water  vapor 
=  2.409x  10"^  (cm^/gm) 


=  air  lapse  rate 

=  0.041  (kilofoot” 1 )  =  1.34xl0"6  (cm"1) 


qw  =  moisture  lapse  rate 

=  0.  1645  (kilofoot-1)  =  5.43xl0"b  (cm-1) 


p  =  sea  level  air  density 

Ao 

_  3 

=  1.4x10  )  Typical  of  values  measured  over  open  water  in  the 

Pacific 


=  sea  level  water  vapor  density 

=  2.  2x  10"^  (gm/cm^)  Typical  of  values  measured  over  open 
water  in  the  Pacific 


For  A  =  H,  i.e.  altitude  of  observer  the  same  as  the  altitude  of  the  detonation: 

m  =  p  e-Vk«'1)AxS,  (6 

Ao 


„  -q  (kft" 1  )A  _ 
w  =  pwo  e  w  x  S 

where  S  =  distance  between  observer  and  detonation  in  centimeters. 


The  curve  Qr(S)  can  be  plotted  as  a  function  of  the  distance,  S,  on 
suitable  paper  and  compared  with  the  curve  for  the  allowable  retinal  exposure 

QT(S)  =  1/4QT(MEAS)(S). 

r  r 


T 

The  curve  Q  (S),  extrapolated  to  humans  as  previously  discussed,  may 

r 

be  determined  from  laboratory  measurements  as  follows: 

1.  Image  diameters  corresponding  to  various  distances,  S,  are 
calculated  from: 

F  x  [DFB„(cm)|  x  3.  28x  10'5 
d^(mm)  =  >  n  l 

where  F  =  focal  length  of  eye  (17  mm). 

DFB  =  fireball  diameter,  KILOFEET. 

H 

(H-A)  =  difference  in  burst  and  observer  altitudes,  KILOFEET. 

S  =  horizontal  range,  KILOFEET. 

T 

2.  From  Figure  A-5,  determine  values  of  Q  (MEAS)  for  each  d. 

T 

calculated.  Values  for  Q^(MEAS)  may  thus  be  found  as  a  function 

T  * 

of  S.  Q  (MEAS)  is  then  extrapolated  to  humans  through  the 
r 

relation  =  1 /4Q^(MEAS). 
r  r 

T 

3.  The  allowable  horizontal  range,  S,  is  the  value  at  which  the  Qr 

T 

and  Q  curves  intersect,  i.  e.  the  distance  at  which  Q  =  Q  . 
r  r  r 

(A-3)(A-4)  T 

Figure  A-6  '  can  be  used  to  generate  additional  Q  vs.  d. 

r  1 

curves  (for  blink  times,  tg,  other  than  250  and  450  msec)  by  merely  sectioning 

T 

the  family  of  curves  at  the  chosen  blink  time.  The  values  of  Q  thus  defined 

r 


for  the  selected  tg  can  be  plotted  as  a  function  of  d^--as  in  Figure  A-5. 

Because  low  yield  weapons,  up  to  10KT,  release  most  of  their  energy 

T 

well  within  the  blink  time,  the  allowable  exposure,  Qr»  was  determined 

T 

differently  than  for  larger  weapons.  This  is  necessary  since  Q  is  a 

function  of  exposure  time,  and  for  low  yield  weapons,  the  effective  exposure 

time  is  relatively  short  compared  to  a  blink  time  of  0.  25  seconds.  The 
T 

values  of  Q  for  low  yield  weapon  were  selected  to  correspond  to  an  exposure 

time  of  2t  ,  where  t  is  the  time  to  the  second  thermal  maximum  and 
max  max 

0  5  T 

is  given  approximately  by  t  =  0.  032W  '  .  Values  of  Q  are  then  obtained 
from  Figure  A-4  as  previously  described. 
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EXAMPLE  CALCULATION 


MISSION:  100  KT  Weapon;  Burst  Altitude  =  2.  7  kilofeet;  Observer  Altitude 
10  kilofeet;  night  mission  (burst  observed  at  night). 

W  =  100  KT,  so  that  tg  =  0.  25  seconds. 

H  =  2.7KFT 

A  =  10.0KFT 

d„  =  6.  5  mm,  so  that  f  =  — ■  =  _LZ_  =2.6 
P  <*p  6.  5 


From  Figure  A-3,  DFBq  =  6.  89  x  10*  cm 


and  DFB„  =  DFB 
H  o 


1/3 


Interpolating  from  Table  A-l . 


[•"I 


=  1. 027  at  H  =  2.  7  KFT 


So  that  DFB  =  (6.  89x  10  )  (1. 027)  =  7.  1  x  10  cm 
H 

From  Figure  A-l  ,  k  =  0.  22  at  W  =  1 00  KT  and  H  =  2.  7  KFT. 


Then 


4  tt  *  (DF1 

[‘ 


T  12 

(DFBh)2 


.1  2. 


=  m  .  (0»  79)(0.  33)(0.  22)(100)(0.  8)(0.  9)(10  ) 

(4)(3.  14)(2.  6)2(7.  1  x  104)2  *  a 

Qr  =  2(9.65)T  =  19.  2Ta 


] 


Ta  =  exP 


-kA  '  m  ]  '  [  'kwf  w  ] 
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exp(-0.  04 1x10.  0)  -  exp  (-0.  041  x2.  7) 


m 


_  (1. 4x  10'3)  _  (2.  7-10.  0)2  +  S2  , 

(1.  34x  10'6)  12.7-10.0 


1/2 


m  =  33.  2 

w  =  (2.  2  x  1 0 ~  3 ) 
lx 

r 


53.  3  +  S 
-5'  •  [ 


1/2 


(5.43x1 0") 


w  =  0.  250 


53.3  +S‘ 


(2,  7-10)2  +  S2  ] 
J 2.  7-10.  0| 

]l/2 


1/2 


exp  ( -0.  1 645x1 0)  -  exp  (-0.1  645x2 .  7) 


Substituting  the  expressions  for  m  and  w  into  the  expression  for  T  : 


,1/2- 

=  exp 

(-6.  21 8x1 0_5)(33.  2) 

53. 3+S 

exp 

(-2.  409xl0'2)(0.  250)  '  53.  3+S2!  j 

l 

r  f  ? 

L 

+  1/21  J 

L  1  j  J 

1 

Ta  =  eXP 


(-0.00808)  153.  3  +S 


Substituting  this  expression  for  T  into  the  equation  for  Q^: 


=  19.2  exp 


(-0.  00808) 


r  ?  * 

1/2’ 

53.  3  +  S* 

1 

L  J 

Now  it  merely  remains  to  substitute  values  into  this  expression  to  obtain 
coordinates  to  plot  Qr  vs.  S.  The  table  below  lists  a  few  such  values  which  are 
in  turn  plotted  in  Figure  A-7. 


Horizontal  Range,  S 
_ (kilofeet) _ 


Retinal  Exposure,  Q 
_ (cal/cm  ) _ * 


0 

18.2 

1 

18.2 

5 

18.  0 

10 

17.  5 

50 

12.  8 

100 

8.  58 

200 

3.  86 

500 

0.  374 

1000 

0. 00864 
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To  generate  a  Q  vs.  S  curve  to  intersect  with  the  above  Qr  vs.  S  curve, 
we  calculate  ch  for  various  values  of  S  from 


d-  (mm)  = 


F  x  DFBH(cm)  x  3.  28  x  10 


-5 


[S2+  (H-A)2  ]  1/2 


and  get  Q  (MEAS)  values  for  each  S  from  Figure  A- 5. 

r 


T  T 

Values  for  Q  =  1 /4Q  (MEAS)  for  various  values  of  S  are  listed  below  and 
r  r 

T 

the  curve  Q  vs  S  is  shown  in  Figure  A-  7. 


Horizontal  Range,  S 
(kilofeet) 

Retinal  Image  Diam,d. 
(mm) 

Allowable  Retinal  Exposure 
(cal/ cm^) 

0 

5.  42 

.  24 

1 

5.  36 

.  24 

5 

4.  47 

.  25 

10 

3.  19 

.  26 

50 

0.  783 

.  37 

100 

0.  396 

.  57 

200 

0.  198 

1.8 

500 

0.  0792 

9.  5 

The  intersection  of  the  two  curves  is  at  approximately  260  KFT  or  43  nautical 
miles.  This  is  the  required  distance,  S  ,  and  shows  that  an  observer  at 
10,000  feet  altitude  could  safely  venture  no  closer  than  43  nm  (horizontal  range) 
to  a  100KT  weapon  detonated  at  2700  feet  -  AT  NIGHT.  (In  the  day  time,  the 


pupil  would  not  be  as  large,  thus  permitting  less  energy  into  the  eye.  This 
would  allow  the  observer  to  approach  somewhat  closer  to  the  same  burst.  ) 


2.  MISSION:  1000KT  (1  MT)  Weapon;  Burst  Altitude  =  5.0  KFT; 

Observer  Altitude  =  0KFT;  Day  Mission  (Burst  observed  during  daylight) 
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W  =  1000KT,  so  that  tg  =  0.45  seconds 
H  =  5.0KFT 
A  =  0.0  KFT 

d^  =  2.  5  mm,  so  that  f  =  — —  =  6.  8 
p  2.  5 

F rom  Figure  A -4,  DFB  =  1.56x10^  cm 

o 

and 


DFB„ = DFB 
H  o 


-1/3 


From  Table  A-l, 


-1/3 


=  1. 05  at  H  =  5.  0  KFT 


So  that  DFB  =  (1.56xl0^)(1.05)  =  1.64x10^  cm 

ri 


From  Figure  A-  2,  k  =  0.  07  at  W  =  1000  KT  and  H  =  5.  0  kft 


Then 


q  =  (2)  I  (0-  79)(0.  33)(0.  07)(1000)(0.  8)(0.  9)0  01  2) 

r  !  (4)(  3.  14)(6.8)Z(1.64xl05)2 

L 


Q  =  2(0.841)  T  =  1.  68  T 
r  a  a 


T  =  exp 
a 


-keffm 

A 


f  .  eff 

exp  -k  w 
w 


i 


•3  r  ?  2  1  */2 

m  =  (l-4xlQ-3)  #  j(5. 0-0)Z+SZ  J 

(1 .  34  x  1 0  °)  |5.  0-0 


m  =  38.  9  j  25  +  S£ 


1  1/2 


1 


w  =  (2-2xl0~5)  •  [(5  0-0)Z4SZ] 

5.  0-0 


1/2 


(5.  43x1 0”°) 


w  =  0.  454 


1/2 


25  +  S 


exp  (-0.  041  x  0)  -  exp  (-0.  041  x  5.  0) 


exp(-0.  1645x0) -  exp  (-0.  1645x5.0) 


Substituting  the  expressions  for  m  and  w  into  the  expression  for  T^: 


All 


T  =  exp 
a 


T  =  exp 
a 


-5. 


(-0.  0134) 


r  2l1/2l 

25  +  S  i, 


r  -.1/21 

25+S2 

exp 

(-2.  409x1  0'2)(0.  454) 

1/2  1  J 

» 

25+S 


1/2  * 

Thus  Q  =  (1.68)  exp 
r 

(-0.0134)  ^25  +  S2 

We  again  obtain  a  table  as  in  the  previous  example  by  substituting  values  of  S 
in  this  expression  for  Q^.  The  table  below  lists  such  values  which  are  plotted 
in  Figure  A-8. 


Horizontal  Range,  S 
(kilofeet) _ 

0 

1 

5 

10 

50 

100 

200 

500 


Retinal  Exposure,  Qr 
_ (cal/cm2) _ 


1.  58 
1.  58 
1.  54 
1. 45 
0.  86 
0.  44 
0.  12 
0.  0014 


We  again  calculate  values  of  d^  from: 

F  DFBu(cm)  x  3.  28  x  10’5 
H 


di(mm)=rj - TTTJT 

sSfH-A)2 
»  < 


and  refer  to  Figure  A-5  for  values  of  Q  ^  for  each  S. 

Horizontal  Range,  S  Retinal  Image  Diam,  ,  Allowable  Retipal  Exposure,  C 
_ (kilofeet)  _ (mm) _  _ (cal/crn  ) _ 


10 

7.  75 

0.  39 

50 

1. 82 

0.  41 

100 

0.  91 

0.  48 

200 

0.  46 

O'.  80 

500 

0.  18 

3.  60 
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These  values  are  plotted  in  Figure  A-8  to  obtain  an  intersecting  curve  with  the 
Qr  vs.  S  plot.  The  curves  intersect  at  S  =  95KFT  or  about  16  nautical  miles. 
For  this  case,  then,  an  observer  at  sea  level  can  safely  venture  no  closer  than 
16  nm  (horizontal  range)  to  a  1MT  burst  at  5000  feet  -  IN  THE  DAYTIME. 

In  this  particular  example  ,  it  is  likely  that  other  criteria  (radiation,  etc.  )  • 
may  prohibit  the  observer's  approaching  his  close  so  that  the  production  of 
retinal  burns  may  not  be  the  limiting  factor. 
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TABLE  A-l 

Fireball  diameter  altitude  scaling  factor s 


-1/3 

-1/3 

-1/3 

,  kft 

a 

H,  kft 

0 

H,  kft 

o  ' 

0 

1. 0000 

41 

1. 6214 

81 

3.  0718 

1 

1. 0098 

42 

1. 6475 

82 

3.  1208 

2 

1. 0198 

43 

1.  6742 

83 

3.  Ib97 

3 

1. 0300 

44 

1. 7012 

84 

3.  2219 

4 

1.  0403 

45 

1.  7286 

85 

3.  2737 

5 

1. 0509 

46 

1. 7565 

86 

3. 3251 

6 

1. 0616 

47 

1. 7851 

87 

3.  3798 

7 

1. 0725 

48 

1. 81 37 

88 

3.  4337 

8 

1. 0835 

49 

1. 8431 

89 

3.  4863 

9 

1. 0948 

50 

1.  8729 

90 

3. 5474 

10 

1. 1062 

51 

1. 9030 

91 

3.  6019 

1  1 

1.  1180 

52 

1. 9337 

92 

3.6598 

12 

1. 1298 

53 

1. 9650 

93 

3.  7152 

1  3 

1. 1420 

54 

1. 9968 

94 

3.  7742 

14 

1.  1544 

55 

2.  0291 

95 
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WEAPON  YIELD,  W.KILOTONS 

FIGL  RE  A-l.  Fraction  of  total  thermal  energy  released  in  blink  time  as  a  function  of  yield  and  burst  altitude. 
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WEAPON  YIELD  W.KILOTONS 

FIGURE  A- 3.  Fireball  diameter  as  a  function  of  yield  at  T  =0.  25  seconds 
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IMAGE  DIAMETER,  d,,  mm 

FIGURE  A- 5.  Threshold  retinal  exposure  as  a  function  of 
image  diameter  for  two  blink  times 
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FIGURE  A-6.  Qa(MEAS)  as  a  function  of  exposure  time  and  image  diameter. 
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FIGURE  A-7.  Determination  of  safe  separation  distance 
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HORIZONTAL  RANGE,  S,  KILOFEET 

FIGURE  A-8.  Determination  of  safe  separation  distance 
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FLASHBLINDNESS  CALCULATIONS 


APPENDIX  B  -  FLASHBLINDNESS  CALCULATIONS 


The  problem  of  determining  the  degree  of  flashblindness,  or  the  time 

required  to  recover  a  specified  visual  acuity  after  exposure  to  a  high- 

luminance  source,  is  inherently  more  complicated  than  the  problem  of 

determining  the  occurrence  or  non-occurrence  of  a  retinal  burn  of  significant 

dimensions.  The  additional  complexity  arises  because  the  diffusely  scattered 

light  cannot  be  ignored  in  the  determination  of  flashblindness-as  it  was  in  the 

case  of  retinal  burns.  Three  factors  influence  the  calculation  of  an  acceptable 

separation  distance  - -image  size,  image  exposure,  and  extra-image  exposure. 

Richey^’1),  in  examining  the  effect  of  image  size  on  flashblindness,  viewed 

a  standard  altimeter  at  a  distance  of  30  inches- -average  eye-to-instrument 

distance  in  fighter  aircraft--following  exposure  to  centrally  fixated  flashes 

of  bright  light.  He  reported  no  difficulty  in  reading  the  altimeter  when  the 

afterimages  subtended  visual  angles  of  3°  or  less  (image  diameters  of  0.  9mm 

or  less)  even  when  individual  numbers,  when  fixated  directly,  could  not  be 

identified  through  the  afterimages.  In  view  of  these  results,  a  focused  image 

on  the  fovea  less  than  about  1.0  millimeter  in  diameter  has  been  considered 

to  have  no  significant  effect  on  a  pilot's  ability  tc  extract  useful  information 

from  his  instruments,  at  least  for  instruments  similar  to  the  altimeter. 

However,  depending  upon  the  magnitude  of  the  exposure,  afterimages  larger 

than  1.0mm  can  interfere  with  visual  acuity.  The  maximum  allowable 
A 

exposure,  ,  is  based  on  the  recovery,  within  10  seconds,  of  a  visual 
acuitv  of  20/120,  For  night  situations,  instrument  luminance  was  taken  to  be 
0.  07  millilamberts  '  "  .  For  day  exposures,  an  average  instrument  luminance  of 
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20  millilamberts  was  used. 

According  to  Miller  the  corresponding  foveal  exposures,  E^, 

that  correspond  to  a  10  second  recovery  time  are  1.0x10^  troland-seconds 

7 

for  the  night  condition  and  2.  5x10  troland-seconds  for  the  day  situation. 

As  in  the  calculation  of  retinal  burns,  safety  factors  have  been  introduced 

A 

to  account  for  variations  between  individuals.  The  "allowable"  value,  E  ,  is 

r 

obtained  by  reducing  E^,  the  measured  value,  by  a  factor  of  2,  i.  e.  =  E^/2. 

r  r  r 

In  addition,  the  calculated  luminous  exposure,  E  (CALC),  has  been 
arbitrarily  increased  by  a  factor  of  2  to  allow  for  inaccuracies  which  may  have 
been  introduced  by  the  model  used.  Thus,  the  "safe-sided"  value  is  obtained 
from  the  equation  Er  =  2Er(CALC). 

The  many  variables  of  the  problem  and  the  state-of-the-art  concerning 
the  calculation  of  luminous  exposure  suggest  the  use  of  a  "worst-case" 
philosophy  in  dealing  with  flashblindness.  Since  the  maximum  exposure  will 
occur  within  the  retinal  area  covered  by  the  image,  and  since  central  vision  is 
of  primary  concern,  tne  worst  case  consists  of  direct  foveal  viewing  of  the 
fireball- -i.  e.  an  image  of  the  fireball  centered  in  or  upon  the  fovea. 

In  view  of  the  significance  of  image  size,  the  following  criteria  have 
been  introduced: 

a)  If  the  image  diameter  is  greater  than  or  equal  to  one  millimeter, 
the  foveal  exposure  will  be  determined  by  the  imaged  or  focused 
energy. 
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b)  If  the  image  diameter  is  less  than  one  millimeter,  the  foveal 

exposure  will  be  determined  by  the  extra-image  or  scattered  energy. 

In  each  case,  the  horizontal  distance  of  nearest  approach  is  determined 

A 

by  the  condition  E  =  E  . 

r  r 

The  first  step  in  determining  the  "allowable"  distance  is  the  calculation 
of  the  horizontal  distance  (S^)  at  which  the  image  diameter  at  assumed  blink 
time  is  1  millimeter.  As  in  the  case  for  retinal  burns,  blink  time  is  assumed 
to  be  0.  25  seconds  for  weapon  yields  less  than  one  megaton  and  0.45  seconds 
for  yields  of  one  megaton  or  larger.  The  retinal  exposure  in  the  image,  E^, 
at  distance  is  then  calculated: 

i  ^  j 

a)  If  E  (S  )  <  E  ,  E  is  calculated  as  a  function  of  decreasing  distance 

r  1  r  r 

i  A  i 

(S)  until  E  (S)  -  E  .  The  horizontal  distance  (S)  r.t  which  E  (S)  = 
r  r  r 

A 

E  is  taken  to  be  the  nearest  allowable  approach  distance, 

i  A 

b)  If  E  (S.)  =  E  ,  S  is  the  "allowable"  distance. 

r  ‘  r  1 

i  A  x 

c)  If  E  (S  )  >  E  ,  the  extra-image  exposure,  E  ,  becomes  of  concern. 

r  1  r  r 

x 

The  value  E  is  then  calculated  as  a  function  of  increasing  distance 
r 

(S),  using  the  model  developed  by  Vos  (^-5)(B-6)^  un^j  £^(S)  =  E^. 
x 

Since  E  is  a  function  of  position  on  the  retina  relative  to  the  center 
r 

of  the  image,  it  was  necessary  to  select  an  appropriate  retinal 

x 

position  for  the  calculation  of  E  .  This  position  was  selected  to 

r 

correspond  to  the  edge  of  a  one  millimeter  image,  i.e.  approximately 
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1.5°  degrees  from  the  direction  defining  the  center  of  the  image. 

(By  the  conventions  adopted,  the  direction  defining  the  center  of 
the  image  is  also  the  direction  of  fixation.  ) 

This  selection  insures  a  recovery  of  20/120  acuity,  within  10  seconds, 
in  the  fovea  adjacent  to,  but  outside  of  a  one  millimeter  diameter  area- 
regardless  of  the  circumstances  of  the  exposure.  On  the  basis  of  Richey' s^®"^ 
experience,  this  will  permit  extraction  of  useful  information  from  most 
aircraft  instruments  within  10  seconds. 


where: 


F  =  effective  focal  length  of  eye  in  mm  (17mm). 

T  =  average  transmission  of  the  clear  media  of  the  eye  (0.  8). 
e 

r  00 

V(\)N(\)d(U 

R  =  — -  =  0.  15 

r  N(X)d(X) 

Jo 

V(X)  =  relative  photopic  luminous  efficiency 

2 

N(X)  =  spectral  radiance  of  the  fireball  in  watts/cm  -steradian-mji 
X  =  wavelength  of  incident  radiation  in  mji 

B.  Exposure  resulting  from  scattered  radiation 

Calculation  of  the  extra-image  exposure,  adapted  from  the  model 
developed  by  Vos^'2 3 * 5^B'^,  is  based  on  the  following  assumptions: 

1)  With  respect  to  the  diffusely  scattered  light,  the  fireball  is 
considered  to  be  a  point  source. 

2)  The  luminous  exposure  resulting  from  the  scattered  light 
depends  upon  the  amount  of  radiant  energy  entering  the  eye, 
hence,  varies  inversely  with  the  square  of  the  distance 
between  source  and  observer. 

3)  The  extra-image  exposure  at  a  particular  position  on  the 
retina  depends  upon  the  distance  of  the  retinal  position  in 

question  from  the  center  of  the  geometrical  image  of  the 
fireball. 
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4.  Three  components  of  indirect  light  are  responsible  for  extra¬ 


image  exposure: 


X 

a)  Intra-ocular  scattering  (E  ). 

Io 

x 

b)  Scattering  of  light  by  the  atmosphere  (E  ). 

At 

c)  Diffusely  reflected  light  from  the  earth's  surface 

x 

(ground  or  water)  and  clouds  (E^). 


The  contributions  of  these  three  components  in  troland-seconds, 
adapted  from  those  described  by  Vos,  are: 


Day 

Night 

*  (CALC)  = 

Io 

1  10  c2  £ 

c 

675  c2  E 

c 

D2  a2 

- 5 - 1 - 

D2  a“ 

X  t  (CALC)  = 

40  c2  E 

c 

240  c2  E 

c 

D2  a 

D2a 

^(CALC)  = 

2  c2  Ec 

13  c2  E 

c 

D2 

D2 

Combining  these  three  expressions  into  one,  and  correcting  for 
atmospheric  transmission  yields 

Day 

2  , 

E*(CALC)  =  T  (D)  ‘T  •  T  +  2  E 

r  D2  a  e  x  ,  a2  a  I  c 


EX(CALC)=-C—  T  (D)  ‘  T 

r'  d2  a 


T 

x 


240 

a 


+  13 


E 

c 


(2) 
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where: 


0  33 

c  =  4920  Wu<  feet 
W  =  yield  in  kilotons 

T  =  0.  8  =  average  transmission  of  clear  media  of  the  eye  (assumed 
e 

5800°  K  black-body  spectrum). 

Tx  =  0.  9  =  maximum  transmission  of  aircraft  canopy  or  windows. 

The  expression  for  c  is  an  empirical  expression  derived  by  Vos 
to  describe  a  critical  distance  of  approach  and  serves  here  only 
as  a  reference  distance  in  extrapolating  to  other  distances. 

D  =  slant  range  from  the  fireball  to  the  observer,  in  feet. 

x 

E  (CALC)  =  extra-image  exposure  in  troland- seconds, 
r 

E  =  integrated  illumination  in  lux-seconds  at  c,  the  critical  distance. 

T  (D)  =  average  transmission  of  the  atmosphere  for  the  slant  range  D. 
A 

a  =  distance  of  the  retinal  position  from  the  center  of  the  geometrical 
image  of  the  fireball  at  which  the  extra-image  exposure  is  being 
calculated. 


The  integrated  illumination,  E  ,  at  the  critical  distance,  can  be 

c 

determined  from  the  integrated  luminance  of  the  fireball  from 


E 

c 


it  B(t)R  ^(t)  dt , 


c  o 


(3) 
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with  c  =  1500  W  ’  meters  and  t^  =  blink  time. 


(4) 


Combining  equations  (3)  and  (4), 


,-7  w-0.  67 


.lb 


E  =4.5x10”'  W ”u‘ ° 1 J  TTB(t)R“(t)dt. 
c  o 


(5) 


Since,  t  =  t  W0,  5  and  dt  =  dt  W0,  5, 
s  s 

t,  f-  w  ■  0  •  5 

r b  2  13  '  bW  2 

J  n  B(t)R^(t)  dt  =  W  ‘  I  tt  p  (t  )  B(t  )  dt. 
o  o  s  s  8 


(6) 


.Ec  =  4.5x10"7W°-63  J  up2  (t  )  B(t  )  dt 


tb  W°*  5 


's'  "'vs'  “*s 


(7) 


where 


R(t  )  =  radius  of  the  fireball,  meters 
s 

B(t  )  =  luminance  of  fireball 
s 

W  =  yield  in  kilotons 

t  =  tW”^’  ^  =  scaled  time 
s 

-0  4 

p  =  RW  *  =  scaled  fireball  radius 

r'bw'°;5 

The  quantity  j  rrp^  (tg)B(tg)dtg,  corresponding  to  blink  times  of 
o 

0.25  and  0.45  seconds,  can  be  obtained  from  Figures  B-l  and  B-2, 
and  Ec  can  then  be  determined  using  equation  (7). 
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The  value  of  E  ,  used  in  equation  2,  with  a  =  1 .  5°,  gives 

EX{CALC).  EX  is  obtained  from  EX  =  2EX(CALC)  and  the  distance 
r  r  r  r 

x  A 

at  which  E  =  E  defines  the  allowable  distance  of  nearest  approach, 
r  r 
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FIGURE  B-'l.  Yield  vs.  luminous  intensity 


FIGURE  B-2.  Yield  vs.  luminous  intensity 
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RETINAL  BURN  AND  FLASHBLINDNESC  COMPUTER  PROGRAMS 

The  major  distinctions  between  the  computer  programs  which  determine 
retinal  burn  and  flashblindness  safe  separation  distances  are  (1)  the  formulation 
of  the  retinal  exposure  functions,  and  (2)  the  logic  for  choosing  the  safe 
separation  distances  based  on  these  functions. 

The  formulation  of  the  retinal  exposure  function,  QREC,  in  the  retinal 
burn  program  is  based  on  dire^*  image  exposure  and  is  not  limited  by  image 
diameter.  The  flashblindness  program  bases  safe  separation  distances  on 
QREC  or  extra-image  exposure,  ETOT,  and  depends  upon  image  diameter 
as  set  forth  in  Appendix  B. 

The  basic  structure  of  the  burn  and  flashblindnes s  programs  is  similar 
except  for  output  format  and  the  definition  of  safe  separation  solutions.  Two 
subroutines  appear  in  both  programs;  subroutine  AIR  computes  relative  temperature, 
pressure  and  density  at  any  altitude  up  to  100  kilofeet,  and  subroutine  TRANS, 
which  uses  subroutine  AIR,  computes  the  atmospheric  transmission  for  a  given 
slant  path. 

Retinal  Burn  Program 

The  retinal  burn  program  is  listed,  except  for  system  control  cards,  and 
card  sequence  numbers  are  referred  to  in  the  description  which  follows. 

The  atmospheric  transmission  subroutines  are  contained  on  cards  MASS  001 
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to  TRAN  009  and  the  input  parameter  symbolic  names  used  in  these  subroutines 
are  defined  in  the  program  symbol  table. 

The  main,  or  calling,  routine  begins  on  card  BURN  001  with  format  and 
specification  statements.  The  program  begins  execution  by  reading  an  initial 
card  containing  various  atmospheric  and  transmission  constants.  The  next 
card  read  by  the  program  at  BURN  638  defines  the  problem  situation  in  terms 
of  weapon  yield,  fraction  of  the  thermal  energy  given  off  before  blink  time,  the 
detonation  altitude,  blink  time,  etc. 

The  program  proceeds  by  determining  the  fireball  diameter,  DFB,  and  the 
retinal  exposure  near  the  fireball,  QF.  (Later,  retinal  exposure  with  a 
transmission  coefficient,  T,  will  be  referred  to  as  QREC.  )  The  next  step  is 
to  insure  the  existance  of  a  safe  separation  envelope  so  that  future  iterations  will 
be  valid.  This  is  accomplished  by  examination  of  the  ratio,  QRAT,  the  ratio  of 
the  safe  allowable  exposure  to  the  safe  received  exposure  on  card  BURN  064.  If 
the  ratio  is  less  than  1. 0  envelope  coordinates  are  generated,  otherwise  the 
program  comments  accordingly  and  cycles  to  begin  another  situation. 

The  first  step  is  generating  an  envelope  is  to  establish  the  minimum 
envelope  altitude,  AMIN,  and  the  maximum  envelope  altitude,  AMAX.  These 
two  altitudes  are  determined  in  order  to  facilitate  the  selection  of  a  satisfactory 
altitude  interval,  DELTA,  with  which  to  increment  observer  altitude  from  the 
lowest  to  the  highest  altitude  on  the  envelope.  This  process  assures  that  the 
envelope  will  be  well  defined  by  a  sufficient  number  of  solutions. 
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The  determination  of  AMIN  and  AMAX  is  unique  only  because  horizontal 
range  does  not  apply.  The  selection  of  AMIN,  AMAX,  and  DELTA  is  performed 
on  cards  BURN  070  through  BURN  122. 

Referring  to  both  the  program  listing  and  the  flowchart  in  Figure  C-l, 
the  mechanics  of  iterating  toward  a  solution  at  each  discreet  observer  altitude 
is  illustrated. 

The  mechanics  of  iterating  to  a  solution  is  comparable  to  the  convergence 
T 

of  the  and  curves  as  explained  in  Appendix  A.  The  procedure  for 
obtaining  these  two  curves  is  also  outlined  in  Appendix  A. 

Flashblindness  Program 

The  flashblindness  logic  is  similar  to  the  retinal  burn  logic  until  direct 
image  and  extra  image  exposures  are  calculated.  These  quantities  are 
calculated  at  a  distance  from  the  fireball  such  that  the  image  diameter  is  equal 
to  one  millimeter  at  that  distance.  From  then  on,  the  logic  follows  the  path 
as  illustrated  in  Figure  C-2  and  explained  in  detail  in  Appendix  B.  The 
envelopes  generated  are  similar  in  appearance  to  retinal  burn  envelopes,  but 
the  safe  separation  distances  for  flashblindncss  are  generally  much  greater. 
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PROGRAM  SYMBOL  TABLE 


PROGRAM 

SYMBOL 

SYMBOL 

USED  BY 

UNITS 

2 

AK 

both 

cm 

gm 

WK 

both 

2 

cm 

gm 

DWO 

both 

gm 

3 

cm 

WL 

burn 

km 

WL 

flash 

kft*1 

TX 

both 

pure 

TE 

both 

pure 

ABAR 

both 

pure 

P 

both 

pure 

W 

both 

KT 

PERY 

burn 

pure 

HB 

both 

kft 

TB 

both 

sec 

TS 

both 

sec 

F 

both 

pure 

FL 

burn 

cm 

FQA 

burn 

pure 

FEA 

flash 

pure 

FQR 

burn 

pure 

FER 

flash 

pure 

DESCRIPTION 

Effective  narrow  beam  extinction 
coefficient  of  air. 

Effective  narrow  beam  extinction 
coefficient  of  water. 

Sea  level  moisture  content. 

Moisture  lapse  rate. 

Moisture  lapse  rate. 

Transmission  factors  of  all  filters 
combined. 

Transmission  of  the  eye. 

Thermal  energy  in  visible  region  of 
the  spectrum. 

Energy  given  off  as  thermal  energy. 
Yield  of  weapon. 

Energy  given  off  within  blink  time. 

Height  of  burst. 

Blink  time. 

Time  scaled. 

F  stop  of  the  eye. 

Focal  length  of  the  eye. 

Safety  factors  applied  to  the  allowed 
retinal  exposures. 

Safety  factors  applied  to  the  received 
retinal  exposures. 
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PROGRAM 

SYMBOL 

SYMBOL 

USED  BY 

UNITS 

DESCRIPTION 

EALLOW 

fla  sh 

troland-  sec 

Allowable  retinal  exposure 
(Not  safe  sided). 

PRIMEK 

flash 

I(cd-  sec) 

Luminous  intensity. 

ALPHA 

flash 

deg 

Angular  direction  from  center  of 
the  image  to  the  point  on  the  retina 
at  which  specified  recovery  time 
is  desired. 

PHB 

both 

pure 

Pressure  at  burst  height  normalized 
to  sea  level. 

THB 

both 

pure 

Temperature  at  burst  height 
normalized  to  sea  level. 

DHB 

both 

pure 

Density  at  burst  height  normalized 
to  sea  level. 

WSCL 

both 

pure 

Relative  yield  as  scaled  by  density 
at  burst  height. 

TSF 

both 

pure 

Scaled  time. 

FB(2,  11) 

both 

pure 

Array  containing  relative  fireball 
size  behavior  with  respect  to 
scaled  time. 

DFB 

both 

f  eet 

Fireball  diameter. 

DFBM 

both 

cm 

Fireball  diameter. 

A 

both 

feet 

Altitude. 

AMIN 

both 

feet 

Altitude  of  bottom  of  safe  separation 
envelope. 

AMINI 

both 

feet 

Altitude  of  bottom  of  safe  separation 
envelope  rounded  off  to  nearest 
thousand  feet. 

AMAX 

both 

feet 

Altitude  of  top  of  safe  separation 
envelope. 
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PROGRAM 

SYMBOL 

SYMBOL 
USED  BY 

UNITS 

DESCRIPTION 

AMAXI 

both 

feet 

Altitude  of  top  of  safe  separation 
envelope  rounded  off  to  nearest 
thousand  feet. 

DELTA 

both 

feet 

The  incremental  altitude. 

HR 

both 

feet 

Horizontal  range. 

HRMILE 

both 

naut.  mile 

Horizontal  range. 

T 

both 

pure 

Atmospheric  transmission  between 
burst  and  observer. 

DIM 

both 

mm 

Image  diameter. 

LAST 

both 

pure 

Number  of  increments  to  go  from 
AMINI  to  AMAXI. 

ILAT 

both 

pure 

Counts  increments. 

CRITD 

flash 

feet 

Critical  distance. 

EMAX 

flash 

Intermediate  result. 

TERM 

flash 

Intermediate  result. 

ETOTA 

flash 

Intermediate  result. 

QRET 

flash 

troland-sec 

Direct  image  retinal  exposure 
(safe  sided) 

ETOT 

flash 

troland-sec 

Extra-image  retinal  exposure. 

(safe  sided) 

DS 

Hash 

feet 

Slant  range. 

ABHR 

flash 

Intermediate  result. 

QF 

burn 

cal 

err?" 

Retinal  exposure  not  modified  by 
transmission. 
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PROGRAM 

SYMBOL 

SYMBOL 

USED  BY 

UNITS 

DESCRIPTION 

QREC 

bcth 

cal 

Retinal  exposure  (Not  safe  sided). 

cm: 

QA 

burn 

cal 

Allowable  retinal  exposure  (Not 

cr? 

safe  sided). 

QRAT 

burn 

pure 

(QA*FQA)/(QREC*FQR). 

DELTAHR 

burn 

feet 

An  increment  used  in  the 
iteration. 
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CAUCULATB  QA 
CALCULATE  QQBC 
CALCULATE  QQAT 


FIGURE  C-l.  Retinal  burn  flow  diagram. 
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FIGURE  C-2.  Flashblindness  flow  diagram. 
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Thie^ireport  is  intended  to  be  Used  as  an  aid  to  military  mission  planners  in 
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